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Commonwealth  of  Pennsylvania, 

Department  of  Agriculture. 

Harrisburg,  Pa.,  February  23,  1915. 

The  following  Bulletin  by  Dr.  William  Frear,  Vice  Director  and 
Chemist  of  the  State  Experiment  Station,  upon  "Sour  Soils  and 
Liming,"  was  undertaken  several  years  ago,  at  the  request  of  this 
Department,  with  the  design  of  supplementing  and  bringing  up  to 
date  the  material  published  in  Bulletin  No.  61,  of  this  Department, 
which  also  was  prepared  by  Dr.  Frear,  and  has  long  been  out  of 
print.  Since  the  publication  of  that  bulletin,  the  use  of  lime  has 
grown  rapidly  in  this  and  other  states  of  the  Union.  Especially 
has  lime  come  to  be  generally  used  for  the  correction  of  soil  acidity, 
concerning  the  effects  of  which  condition,  as  a  cause  of  crop  failure 
and  decreasing  fertility,  much  has  recently  come  to  be  understood. 
The  great  costs  of  correcting  this  Avide-spread  defect  make  it  a  mat- 
ter of  importance  that  the  farmers  of  Pennsylvania  shall  give  careful 
study  to  this  feature  of  farm  management  and  improvement.  It  is 
hoped  that  this  Bulletin,  in  which  the  subject  is  very  fully  and  sys- 
tematically discussed,  may  prove  useful  in  this  study. 


Secretary  of  Agriculture. 
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LETTER  OF  TRANSMITTAL. 


The  Pennsylvania  State  College  Agricultural  Experiment  Station. 

State  College,  Pa., 
February  20,  1915. 

Hon.  N.  B.  Critchfield,  Secretary  of  Agriculture,  : 
Harrisburg,  Pa.: 

Dear  Sir :  I  have  the  honor  to  transmit  herewith  the  manuscript 
of  a  bulletin  upon  the  subject  of  soil  acidity  and  the  use  of  various 
limestone  products  for  its  correction.  This  subject,  while  old  in  some 
of  its  aspects,  has  of  late  given  rise  to  numerous  investigations  and 
opened  up  a  vast  number  of  questions ;  hence  it  is,  in  most  respects, 
new  and  unsettled  at  many  points  of  practical  importance.  My  en- 
deavor has  been  to  arrange  in  logical  order  the  knowledge  we  pos- 
sess upon  the  subject,  giving  especial  prominence  to  American  studies 
and  particularly  to  those  made  at  the  Pennsylvania  Experiment  Sta- 
tion by  myself  and  assistants,  and  also  by  my  colleagues  in  other 
divisions  of  the  station.  I  desire  to  acknowledge  their  courtesy,  and 
that  of  Director  Watts,  for  permission  to  use  material  not  yet  pub- 
lished in  the  Station  publications ;  also  that  of  Director  Lipman,  of 
New  Jersey,  and  Mr.  Maclntire,  now  of  Tennessee,  for  information 
supplementing  their  published  statements. 

Very  respectfully, 

WILLIAM  FREAE. 
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CHAPTEE  I.— INTRODUCTOEY. 


Dr  Hall,  late  Director  of  the  Eothamstead  Station,  has  recently 
said:*  "The  future  lies  with  intensive  farrping;  every  year  the 
ratio  of  cultivable  land  to  the  population  of  the  world  shrinks;  every 
year  science  puts  fresh  resources  in  the  hands  of  the  farmer.  In- 
tensive farming  implies  the  use  of  fertilizers;  still  more  it  implies, 
or  should  imply,  skill  and  knowledge  in  using  them." 

What  has  been  said  respecting  fertUizers  is  equally  true  of  every 
other  agricultural  resource.  ^  _ 

The  art  of  the  farmer  ha's  been  declared  to  consist  essentially  in 
transforming  the  raw  materials  of  the  soil  into  the  organic  products 
of  plant  and  animal  that  are  needed  for  man's  use.  The  statement 
is  simple,  and  correct  so  far  as  it  goes.  The  farmer  accomplishes 
these  transformations,  however,  solely  through  certain  selected  Uving 
agents,  his  crop  plants  and  domestic  animals.  Each  of  these  has 
its  own  capacities  and  limitations,  its  own  raw  material  requirements 
and  peculiar  conditions  of  environment  most  favorable  to  efadency. 
Of  these  capacities,  limitations  and  requirements,  our  knowledge  is 
as  yet  most  imperfect,  and  over  the  conditions  of  environment,  we 
have  but  limited  control. 

We  sometimes  speak  of  the  relations  of  raw  materials  to  crop 
yields,  as  though  the  former  were  so  many  bricks,  boards  and  pieces 
of  structural  iron  to  be  built  together  by  simple  mechanical  means 
into  the  finished  product.  Whereas,  the  processes  of  construction  are 
exceedingly  complex,  and  our  raw  materials  must  often  be  worked 
over  into  fitting  conditions  before  use.    Our  agents  are  living  or- 
ganisms, and  their  power  to  live  and  produce  depends  upon  the  preser- 
vation of  a  comparatively  narrow  balance  of  many  internal  tendencies 
and  many  external  conditions.   We  cannot  disturb  the  balance  with- 
out producing  an  efi'ect,  larger  or  smaller,  upon  every  phase  of  the 
organism's  existence.    The  injury  may,  for  example,  be  wrought  by 
diminishing  the  supply  of  one  important  food  element ;  or  by  increas- 
ing it  out  of  due  proportion  to  the  other  factors  of  life  and  growth. 

Fortunately  for  us,  plants  and  animals  exhibit  powers  of  adaptation 
to  new  balances  of  conditions.  But  the  adaptation  takes  time;  many 
generations  may  pass  before  it  is  complete,  and  it  is  always  limited  in 
range  and  secured  at  some  heavy  price. 

Furthermore,  the  balance  cannot  be  changed  at  one  point  without, 
at  the  same  time,  causing  alterations  of  relationship  at  other  points. 

*Fertilizers  &  Manures,  London,  1909,  p.  vi.  Preface. 
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Doubtless  these  truths  have  been  more  or  less  apparent  to  every 
thoughtful  farmer.  Yet,  like  tlie  philosophers  of  old,  who  sought  the 
elixir  of  life,  we  are  impelled  constantly  to  seek  some  simple  mean.s 
of  conti'ol  over  Nature;  some  cure-all  for  the  ills  of  our  art;  some 
simple,  easily  moved  lever  by  which  our  complex  mechanism  niay  be 
governed.  We  fail  in  one  endeavor,  only  to  try  another  means  to  the 
same  end.  . 

The  history  of  modern  agriculture  affords  numerous  illustrations 
of  this  tendency,  and' the  use  of  lime  is  one  of  the  most  striking. 

Calcareous  dressings  for  vineyards  and  fields  have,  in  one  form  or 
another,  been  used  since  the  time  of  Hesiod  (1100  B.C.),  if  not  earlier. 
They  have  fallen  into  disuse  in  one  region,  only  to  find  adoption  else- 
where. In  the  absence  of  a  comprehensive  knowledge  of  chemistry  and 
biology,  the  practice  was  applied  by  the  crudest  rules  of  thumb.  In 
the  latter  half  of  the  last  century,  the  development  of  the  industry 
in  nitrogenous,  phosphatic  and  potassic  fertilizers,  led  to  the  almos'^t 
total  abandonment  of  liming,  save  in  a  few  localities  where  there 
were  especial  reasons  for  the  practice,  or  where  the  farmers  were  most 
conservative. 

Over  a  decade  ago,  the  writer  noted,  in  Bulletin  No.  61.  of  the  Penn- 
sylvania Department  of  Agriculture,  a  growing  tendency  toward  a 
renewal  of  the  practice.   Prior  to  that  time,  the  chief  objects  of  its 
use  m  America  had  been  the  improvement  of  soil  texture,  and  the 
liberation  of  food  supplies  pre-existing  in  the  soil,  or  placed  there 
in  manure  or  green  manures.    Today  the  principal  consideration 
governing  the  practice,  is  the  correction  of  soil  acidity,  in  preparation 
for  the  growth  of  leguminous  crops,  such  as  clover  and  alfalfa;  and 
for  this  purpose,  various  calcareous  manures  are  being  extensively 
used,  not  only  in  Pennsylvania,  but  from  New  England  to  the  western 
limits  of  the  humid  region  beyond  the  Mississippi.   lu  consequence  an 
extensive  trade  in  lime  and  limestone  has  developed  and  vast 'ex- 
penditures are  being  made  for  these  materials. 


LIME  AND  LIMESTONE  INDUSTRY. 


The  U.  S.  Geological  Survey*  has  compiled  statistics  of  this  lime 
and  limestone  industry,  from  which  the  following  statements  havp 
been  taken : 


*  Ernest  F.  Burchard:   "The  Stone  Industry  in  1911"  nnrl  "Th^  Vr.^^  ~r-  TV- — 

in  1911."   Chapters  of  "Mineral  Resources  of 'the  ^Jnltedlat^s^'"  M^.gtou!  19T2' 
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Pennsylvania. 

United  States. 

1910. 

1911. 

1910.       1  1911. 

Values  of  limestone  used  foi-  various  purposes: 

Paving,  curbing,  flagging,  cotrtile  and  rip-rap, 
Cruslied  stone: 

5103,413 
75,055 

409,643 
495,002 
455,301 
3,736,060 

121,137 

$5,394,61) 

$94,343 
138,791 

500,20.2 
390,938 
510.297 
3,396,304 

152,160 

$5,243,045 

$5,272,024 

2,735,599 
* 

6,595,717 
4,288,431 
4,781.214 
9,345,733 
362,400 
1,122,560 

$4,721,800 
2,865,151 

6,866,855 
4,619,972 
5,041.530 
7,987,208 
300,717 
1,474,379 

Flux  

Sugar  factories,   

$34,603,678 

$33,897,612 

That  the  quantity  of  the  lime  produced  in  the  United  States  has 
grown  rapidly  during  the  last  .seventeen  years  appears  from  the  fol- 
lowing figures  for  the  total  values  of  the  product: 

1896    $6,327,900     :  _ 

mo,   6,797,496 

1904    9,951,456 

1908^   11,091,186 

1910,   14,088,039 

1911^   13,689,054 

The  growth  in  total  value  of  lime  produced  is  due  chiefly  to  the 
increase  in  quantity,  as  the  average  value  of  a  short  ton  was,  in  1904, 
13.67;  in  1911,  $4.03. 

Lime  is  used  in  large  quantities  in  the  building  industry  and  for 
a  great  variety  of  purposes  in  manufacturing  industries.  A  classifi- 
cation of  the  output  for  1911,  according  to  its  uses,  is  as  follows: 


Building  lime,   

Alkali  works,   

Cliemical  vporks  

Paper  mills  

Sugar  factories,*   

Tanneries,   

Fertilizer  

Dealers,  uses  not  specified  

Other  uses,  chiefly  chemical,  . 

Hydrated  lime,  included  above 


Quantity 
Short  tons. 


,488,567 
6,179 
356,215 
286,485 
36,424 
30,167 
596,664 
531,249 
160,965 


Value. 


3,392,915 
304,593 


,755,889 
24,696 

933,957 
,107,879 

242,344 

138,352 
,174,386 
1,202,286 

569,265 


$13,689,054 
1,372,057 


Average  Price 
per  ton. 


$4  54 
4  OO 
3  65 

3  87 
6  65 

4  59 

2  87 
4  15 

3  54 


$4  63 

4  50 


In  Pennsylvania,  is  iound  the  greatest  development  of  the  industry, 
551  operators  reporting  from  this  state,  out  of  a  total  of  1,089  for 
the  entire  country.  The  number  of  plants  making  hydrated  lime  in 
1911  was  8  in  Pennsylvania,  61  in  the  entire  country.  Ohio  reported 
15  such  plants  then  in  operation.    The  quantity  of  hydrated  lime  in- 


*  In  addition  to  lime  burned  from  limestone  purchased.    (See  preceding  table.)  _ 
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creased  from  120,357  short  tons  in  1906,  to  320,593  short  tons  in  1910. 
The  wholesale  value  per  ton  at  the  plant  varied  from  |3.98  in  190G, 
to  14.69  in  1907 ;  the  value  in  1911  being  $4.50  per  ton. 

These  figures  do  not  include  the  great  quantities  of  lime  burned 
on  the  farm  for  agricultural  uses. 

The  growing  practical  importance  of  tl*e  subject  has  led  to 
numerous  scientific  investigations  upon  related  questions. 

•  CLASSIFICATION  OF  AGRICULTURAL  USES  OF  LIME. 

The  present  interest  in  the  subject  makes  it  timely,  therefore,  to 
review  our  knowledge  concerning  the  agricultural  use  of  lime,  with 
especial  reference  to  the  principal  present  purposes  of  its  ernploy- 
ment,  but  also  with  such  presentation  of  its  broader  relations  as 
shall  serve  to  inform  and  guide  the  practice. 

Perhaps  no  better  introduction  to  the  study  can  be  given  than  a 
lief  outline  of  the  classes  of  its  effects  now  known.    They  are: 

1.  Physical:  The  modification  of  soil  texture,  with  consequent 
alterations  of  temperature,  aeration,  water-movement,  and  related 
plant  adaptation. 

2.  Chemical:  The  modification  of  rock  weathering  or  soil  for- 
mation ;  the  liberation  of  the  basic  substances  of  the  soil  with  their 
consequent  increase  in  availability;  the  change  of  the  mineral  phos- 
phatic  compounds;  the  alteration  of  the  humus  and  nitrogenous 
compounds. 

3.  Biological: 

(a)  Affecting  the  nutriment  and  composition  of  crop  plants 
their  soil  adaptations,  and  the  effects  of  injurious  substances  upon 
them. 

(b)  In  like  manner,  affecting  the  kinds,  numbers  and  activitv 
of  co-operative  and  antagonistic  lower  organisms,  especially  those 
of  the  soil. 

A  full  presentation  of  existing  knowledge  upon  all  these  subdivi- 
sions of  our  subject  would  require  more  space  than  can  be  allowed 
to  a  publication  such  as  this.  The  considerations  that  must  govern 
selection  of  our  material  have  already  been  suggested.  It  may  be 
added  that  the  local  needs  and  experience  must  receive  especial 
consideration  and  more  ample  treatment  than  can  be  accorded  to  those 
of  other  localities. 
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CHAPTEE  II.    LIME  AND  LIMESTONE. 


Since  the  discussion  of  the  relations  and  effects  of  lime,  and  its 
associate,  magnesia,  upon  soils  and  plants,  involves  definite  ideas 
concerning  the  nature,  properties  and  relationships  of  these  materials 
and  of  the  principal  combinations  in  which  they  occur,  it  is  desirable 
that  the  essental  facts  of  this  kind  be  clearly  understood  at  the  out- 
start.  /■ 

THE  ELEMENTS.  ■  '■yl'-'-'  '  •■■^l 

The  vast  number  of  substances  belonging  to  the  animal,  vegetable 
and  mineral  kingdoms  are  known  to  be  made  up  by  various  combina- 
tions of  simple  substances,  elements,  as  the  chemist  calls  them.  Up- 
wards of  seventy  chemical  elements  are  known,  but  of  these  a  large 
number  occur  rarely. 

The  relative  abundance  of  common  elements:  Dr.  F.  W.  Clarke* 
01  the  U.  S.  Geological  Survey,  has  made  an  interesting  computation 
of  the  percentage  proportions  ofthe  more  abundant  chemical  ele- 
ments in  the  air,  ocean  and  earth's  surface  to  the  depths  of  ten 
miles.  The  eight  elements  most  abundant  make  up  percentages  of 
the  total  as  follows : 


Oxygen  (O)  

Silicon  (Si)  

Aluminum  (Al), 
Iron  (Fe)  


Per 
cent. 


49.78 

26.08 
7.34 


Calcium  (Ca). 
Sodium  (Na), 
Pota.ssium  (K), 


4.11   Magnesium  (Mg), 


Per 
cent. 


3.19 
2.33 
2.28 
2.24 


As  they  here  occur,  these  elements  are  present  chiefly  in  a  com- 
bined, rather  than  free  state.  .- 

CALCIUM  AND  MAGNESIUM.  '  ' 

These  two  elements  never  occur  in  nature  in  an  uncombined  state, 
but  have  been  separated  in  small  quantities  in  the  chemical  labora- 
tory. Both  are  silver -white  metals  that  unite  readily  with  the  oxygen 
of  the  air.  Calcium  can  be  kept  only  by  altogether  excluding  air; 
magnesium  reacts  but  slowly  with  air  at  the  ordinary  temperature, 
and  can  be  kept  in  the  form  of  ribbons  and  of  powder.  In  the  latter 
form,  magnesium  is  the  most  important  ingredient  in  photographic 
ffash-light  mixtures.  Both  the  ribbon  and  powder  of  magnesium 
burn  intensely  when  ignited  by  a  match. 

»The  Data  of  Geochemistry,  Bulletin  330,  U.  S.  Geol.  Survey,  p.  32. 
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Products  of  b'urmug:  When  calcium  and  magnesium,  respectively, 
are  burned  in  the  air,  they  form  compounds  with  its  oxygen  (oxids) 
and  with  its  nitrogen  (uitrids)  ;  but  when  burned  in  oxygen  alone, 
they  yield  oxids  only.  These  oxids  unite  with  moisture  to  form  the 
corresponding  hydrates,  and  with  the  carbonic  acid  of  the  air  to 
form  carhonates.  The  oxids,  hydrates  and  carbonates  are  all  more 
or  less  alkaline  in  reaction.  That  is,  they  turn  red^litmus  paper 
blue;  whereas  acids  turn  the  blue  litmus  red. 

Chemical  Grouping:  While  both  the  element,  calcium,  and 
its  compounds  have  many  resemblances  to  the  corresponding  magne- 
sium products,  there  are,  as  we  shall  presently  see,  a  number  of  com- 
paratively important  points  of  difference.  For  this  reason,  chemists 
regard  these  two  elements  as  less  closely  related  to  one  another,  than 
each  is  to  other  elements.  Calcium  is  grouped  with  barium  (Ba) 
and  strontium  (Sr)  ;  magnesium  with  zinc  (Zn),  mercury  (Hg), 
and  certain  less  common  elements. 

Sources  of  Commercial  Supplies:  The  large  amounts  of  alkaline 
lime  and  magnesia,  with  their  related  products,  that  are  used  in  the 
arts  are  obtained  from  limestone  and  similar  rocks  and  minerals. 

LIMESTONE  AND  RELATED  MINERAL  MATERIALS. 

Occurrence. 

Limestones  and  chalks  are  deposits  formed  in  the  bottom  of  shal- 
low, warm  seas.  The  former  are  compact,  sometimes  crystalline 
rocks.  Originally  deposited  by  chemical  reactions,  or  gathered  by 
the  agency  of  the  corals,  mollusca  and  other  sea  organisms,  the 
crystalline  limestone  has  experienced  subsequent  physical  changes. 
Of  course,  limestones  are  more  or  less  pure,  according  as  sandy  or 
clayey  matters  have  been  deposited  with  them  in  greater  or  less  pro- 
portion, so  that  they  are  more  or  less  mixed  with  quartz  sand  (silica, 
SiOJ  or  with  iron  and  aluminum  silicates.  Their  iron  may  also 
be  present  as  ferrous  carbonate,  FeCOs,  or  in  oxid  or  hydrate  form. 
Usually  they  contain  also,  larger  or  smaller  amounts  of  magnesium 
carbonate,  commonly  combined  with  the  calcium  carbonate  in  the 
form  of  dolomite  crystals. 

Chalks  are  chiefly  deposits  formed  by  Foraminifera,  very  minute 
sea  organisms.  Chalk  is  often  quite  loose  in  texture,  but  occurs 
also  in  compact  form ;  less  compact,  however,  than  limestone. 

Marl  is  the  name  given  by  geologists  to  fresh  water  deposits  of 
calcium  carbonate,  always  more  or  less  mixed  with  clay.  This  nam^i 
has  a  broader  significance,  as  many  use  it,  and  includes  all  loose 
calcareous  deposits.  The  "green  sand  marl"  is,  however,  not  a  cal- 
careous marl,  but  is  composed  largely  of  glaucomte,  or  iron  potassium 
silicate. 
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Extent:  Various  writers  have  made  estimates  of  the  proportions 
ill  which  rocks  of  different  kinds  are  represented  in  the  rocky  crust  of 
the  earth's  surface.  Clarke,^  counting  this  crust  to  a  thickness  of  ten 
miles,  estimates  that  it  is  composed  of  the  original,  igneous  rocks, 
95  per  cent;  derived  sedimentary  rocks,  to  which  group  shales,  sand- 
stones and  'limestones  belong,  5  per  cent.  The  proportions  of  the 
principal  sedimentary  rocks  have  been  computed  as  follows : 


stale. 


Clarke.   

 I 

Mead^   ' 


Per  cent. 

80.0 
65.0 
80.0 


Sandstone. 


Per  cent. 

15.0 
30.0 
11.0 


Limestone. 


Per  cent. 

5.0 
5.0 
9.0 


These  figures  indicate  that  the  ten-mile  thick  crust  is  composed 
of  limestone  in  the  proportion  of  1-100  to  1-200  of  the  whole  volume 
If,  however,  we  consider  the  surface  merely,  instead  of  the  entire 
depth  of  the  crust,  the  sedimentary  rocks  of  all  kinds  represent  a 
vastly  greater  proportion ;  the  igneous  rocks,  only  a  very  small  frac- 
tion. Consequently,  the  proportion  of  limestone  near  the  earth'? 
surface  is  far  in  excess  of  the  figures  above  stated. 

Distribution. 

The  rocks  formed  during  the  several  great  geological  times  all 
exhibit  limestones  in  some  of  the  regions  affected  through  each  period. 
The  surface  of  the  United  States  contains,  in  one  region  or  another, 
limestones  representative  of  each  period.  For  detailed  information 
upon  this  phase  of  our  subject,  the  reader  must  be  referred  to  works' 
upon  geology. 

PENNSYLVANIA  LIMESTONE. 
Owing  to  her  continental  position  and  the  Appalachian  uplift  of 
The  rocks  along  the  Atlantic  border  of  the  continent,  Pennsylvania's 
surface  is  greatly  broken  and  represents  rocks  from  all  the  principal 
geological  periods  up  to  and  including  the  Mesozoic  Time.  Among 
her  exposed  rock  strata  are  no  less  than  fifty-four  named  limestone 
layers  of  distinctly  different  geological  relationships.  Of  these,  how- 
ever, many  are  of  no  economic  value.  In  the  extreme  southwest, 
occur  marbles  of  Archean  age;  Chester  Valley,  York  and  Lancaster 
counties,  the  curve  of  Great  Valley,  and  the  valley  floors  of  many 
of  the  central  and  south-central  counties,  expose  great  beds  of  the 
Lower  Silurian  (Ordovician)  age;  while  the  hillsides  of  the  central 

^Data  of  Geochemistry,  1908,  p.  31.  ,      ^  „ 

treatise  on  Metamorphism,  Monograph  U.  S.  GeoL  Survey,  VoL  47  (1904)  940, 
cited  by  Clarke.  .    ,  ,  , 

^Joiir.  Geol.,  15  (1907)  238;  cited  by  Clarke. 
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counties  are  enriched  by  strata  of  the  Lower  Helderberg  limestone. 
The  Devonian  age  is  represented,  however,  by  few  limestone  beds  of 
value.  But  the  Carboniferous  period,  whose  formations  are  repre- 
sented by  the  counties  west  of  the  Alleghenies,  excepting  the  northern 
tier  of  counties,  exhibits  numerous  limestone  beds  of  great  value, 
though  commonly  less  readily  quarried  than  those  of  the  formations 
east  of  the  Alleghenies. 

Since  the  writer^  has  recently  described  at  length  the  location  and 
composition  of  these  Pennsylvania  limestones,  a  detailed  account  of 
this  part  of  the  subject  will  be  omitted  from  this  bulletin.    The  pub 
lications  containing  the  details  are  available  to  citizens  of  the  State. 

■     .    •        LIMESTONE  IMPURITIES. 

When  the  mode  of  formation  of  limestone  is  considered,  it  is-  re- 
markable that  any  exhibit  a  high  order  of  purity,  rather  than  that 
they  should  generally  show  inclusions  of  clay,  sand,  organic  matters 
and  related  substances.  That  limestones  usually  shqw  considerable 
quantities  of  magnesium  carbonate,  commonly  associated  as  dolomite, 
has  already  been  stated.  Respecting  their  richness  in  magnesium 
carbonate,  limestones  have  been  classed  upon  widely  different  dividing 
lines  by  various  authorities.  Under  the  name  "magnesian  lime- 
stones," Clarke^  gives  analyses  showing  from  16.7  to  21.9  per  cent, 
of  magnesium  oxid,  MgO,  corresponding  to  34  to  46  per  cent,  of 
magnesium  carbonate;  and  as  non-magnesium  limestone,  of  others 
containing  0.2  to  2.0  per  cent,  of  magnesium  oxid,  MgO,  equivalent 
to  .4  to  4.2  per  cent,  of  the  carbonate.  H.  N.  Stokes^  obtained,  in  a 
composite  of  345  limestones,  7.9  per  cent,  of  magnesium  oxid,  MgO, 
equivalent  to  16.6  per  cent,  of  carbonate;  and  in  another  of  498  lime- 
stones used  for  building  purposes,  4.49  per  cent,  of  this  oxid,  equiva 
lent  to  9.4  per  cent,  of  the  carbonate. 

Limestones  differ  greatly  in  their  sand  and  clay  content.  These 
constituents  are  not  wholly  insoluble  in  the  hot,  strong  acid  commonly 
used  in  limestone  analysis;  so  that  the  acid-insoluble  residues  from 
such  solutions  are  not  perfect  measures  of  the  amounts  of  sand  and 
clay  in  the  stone.  The  amount  of  this  residue  is  commonly  used, 
however,  for  such  measure.  A  stone  that  contains  more  than  15  per 
cent  of  such  residues  is  rarely  fit  for  lime-making.  The  two  composite 
analyses  by  Stokes  above  mentioned,  show  5.19  and  12.09  per  cent,  re- 
spectively, of  silica  (SiO„),  which  forms  but  part,  though  the  large 
part,  of  the  insoluble  residue.    In  general,  magnesian  limestones  tend 

^Frear  and  Erb:    Pennsylvania  Limestone  Resources:  Annual  Report  Penna 
State  College,  1911-12.    Also,  Bulletin  No.  127.  riLvovi,  lenna. 

-Data  of  Geochemistry,  1909,  pp.  479,  489 

'Cited  by  Clarke. 
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also  to  be  the  richer  in  sand  and  clay.  Iron  oxids  and  alumina 
associated  with  the  clay,  are  chiefly  dissolved  by  the  acid.  They 
not  infrequently  form  4  to  5  per  cent,  of  the  less  pure  limestones. 

The  quantities  of  phosphoric  acid  and  potash  present  are  usually 
negiigable,  at  least  so  far  as  Pennsylvania  limestones  are  concerned. 
In*  some  localities,  however,  Lewistown  limestones  adjacent  to  the 
Oriskany  sandstone  beds,  are  rather  rich  in  phosphoric  acid. 

The  complex  composition  of  average  limestone  is  well  represented 
by  the  former  of  the  two  composite  analyses  by  Stokes,  which  is 
here  given  for  information  as  to  the  less  common  constituents: 


Silica  (SIO2)  

Alumina  (AlzOs),   

Ferric  oxid  (FCoOs)  

TTiistnofia  (MgO),   

Lime  (CaO)  

Soda  (Na,0),   

Potash  (K2O)  

Water,  lost  below  llO^C. 
Water,  lost  above  110°C, 
Titanium  oxid  (TiOs),  • 
Carbon  dioxid  (CO.),  ... 


Pliosphorie  acid  (PaOr,), 

Sulphur  (S),   

Sulphuric  acid  (SOO,  ••■ 

Chlorin  (01),   

Barium  oxid  (BaO)  

Strontium  oxid  (SrO), 
Manganese  oxid  (MnO). 

Lithia  (LiO;)  

Carbon  (C),  organic,  .. 


Per  cent. 


.04 

.09 
.03 
.02 


None. 
None. 


.05 


Trace. 


lOO.OO 


a.    Includes  organic  matter.  ,     v  j.        \-        ■ . 

PHYSICAL  QUALITIES.  'O/      ,       'i^ J 

Limestones  differ  greatly  in  their  physical  qualities.  Some  are 
compact  enough  to  take  polish,  and  are  then  called  "marble."  Many 
are  crystalline,  either  finely  or  coarsely.  Some  are  highly  porous, 
others  are  compact.  In  some,  earthy  impurities  are  present  in  dis- 
tinct layers  or  strata,  along  which  the  rocks  split  easily;  in  others, 
these  impurities  are  uniformly  distributed  through  the  rock,  so  that 
it  breaks  very  differently  from  the  stratified  stone.  In  other  cases, 
the  siliceous  impurities  form  hard  masses  or  lumps  of  flint  imbedded 
in  the  rock. 

All  these  differences  materially  affect  the  usefulness  of  limestones 
for  the  several  purposes  here  under  consideration. 

SOME  PROPERTIES  OF  CALCIUM  CARBONATE,  CaCOj. 
As  we  find  pure  calcium  carbonate  in  nature,  it  appears  in  non 
crystalline  famorphorus)  condition  and  also  in  crystals  of  several 
different  forms.  When  it  occurs  in  one  form  it  is  called  'calcite,'  in 
the  other,  'aragonite.'  In  both  these  forms  it  is  readily  decomposed 
by  the  action  of  quite  weak  acids,  giving  off  carbon  dioxid  with 
effervescence,  and  forming  the  calcium  salt  of  the  acid  used.  With 
strong  acids  this  action  is  less  pronounced,  the  salts  produced  being 
insoluble  in  the  strong  acid,  and  forming  a  protective  coating  upon 
the  carbonates.  As  compared  with  sodium  carbonate  (ordinary 
"washing  soda")  or  with  potassium  carbonate,  calcium  carbonate  is 
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relatively  insoluble  in  water.  Still  it  is  not  altogether  insoluble  in 
this  liquid.  The  results  obtained  by  various  investigators  of  its 
solubility  differ  very  widely,  one  from  another,  owing  probably  to 
the  influence  of  impurities  in  the  materials  examined.  Cameron  and 
Bell*  have  collected  the  data  upon  this  subject. 
The  most  concordant  results  are: 


Investigator. 


Schloesing^  

HoUemann^,   ;  

HoUemann-  

LeKIauc    and  Novotny", 
LeBIanc  and  Novotnys, 
Whipple  and  Mayer«,  .. 


16° 
8.7° 
23.7° 
18.° 
95-100° 
20.° 


■  The  condition  of  the  carbonate  materially  alters  its  solubility. 
TJie  amorphorus^  carbonate  varies  in  its  solubility  relative  to  the 
crystalline  forms,  and,  at  ordinary  temperatures,  the  aragonite  cry- 
stals** are  more  soluble  than  those  of  calcite. 

Other  substances  present  in  the  solutions  greatly  alter,  however, 
the  amounts  of  dissolved  calcium  carbonate  they  can  contain  when 
saturated.  Of  these  foreign  substances,  that  most  commonly  affecting 
the  results  is  carbon  dioxid.  Pure  water  dissolves  large  quantities  of 
this  gas  at  ordinary  pressure.  The  amount  dissolved  decreases  with 
an  increase  in  the  temperature  of  the  solution.  According  to  Bunsen,^ 
one  volume  of  water  contains,  when  it  has  dissolved  all  it  can  hold  of 
carbon  dioxide,  at  0°C  (32°F),  1.7967  volumes  of  this  gas;  at  10°O 
(50°F),  1.1847  volumes;  at  15°0  (59°F),  1.0020  volumes;  and  at 
20°C  (68°F),  0.9014  volumes.  These  volumes  of  gas  held  in  solution 
by  1,000  parts  by  weight  of  water,  correspond  very  closely  to  3.54 
2.25,  1.94  and  1.71  parts  by  weight  of  the  carbon  dioxid  gas,  at  the 
respective  temperatures.  The  dissolved  carbon  dixoid  helps  the  water 
to  dissolve  more  calcium  carbonate  than  pure  water  of  itself  can 
dissolve.  From  recent  tests  gathered  by  Cameron  and  Bell  in  the 
publication  earlier  cited,  the  following  results  are  mentioned : 

*  Bureau  of  Soils,  Bulletin  No.  49,  p.  39 

*  Comptes  rendus,  74  (1872)  1.552. 
''Ztschr.  phys.  Chem.,  12  (189.3)  12.5 
'Ztschr.  anorg.  Chem.,  (51)  (1906)  181. 

■*.Tour.  Infectious  Di.seases,  Suppl.  No.  2,  (1906)  151 
oVk'^I?.?  ai'd  Young    .T.  Chem.  Soc.  Lond,,  56,  344:  Cited  by  Comey,  Diet  of 
Solubilities,  p.  32.    Lubavin,  J.  Russ.-  Soc,  24,  389 

'Foote,  Ztschr.  phys.  Chem.,  33  (1900)  740. 

'Gasometry,  pp.  287,  128,  152. 
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Investigator. 


Warrington/   

Treadwell  and  Renter,  2 
Treadwell  ami  Renter, » 
Treadwell  and  Renter/ 


The  results  are  divergent,  but  appear  to  represent  tlie  opposing 
tendencies  of  the  pure  water  to  dissolve  greater  amounts  of  calcium 
carbonate  at  higher  temperatures,  and  of  the  decreasing  quantities 
of  dissolved  carbon  dioxid  held  as  the  temperatures  increase. 

According  to  present  theories,  carbon  dioxid  forms,  by  union  with 
the  water  in  which  it  dissolves,  the  acid,  B.^CO,;  and  this,  in  turn, 
acts  upon  calcium  carbonate  to  form  the  acid  carbonate,  CaH, 
(COs)^,  highly  soluble  in  water  containing  dissolved  carbon  dioxid. 
This  is  theory,  for  chemists  have  not  yet  succeeded  in  separating  either 
of  the  substances,  H,Co3  and  CaH,  (CO3),.  Whatever  the  correct- 
ness of  the  theory,  the  fact  remains  that  water  charged  with  carbon 
dixoid  has  a  very  considerable  power  to  dissolve  carbonate  of  lime, 
and  when  such  solutions  are  boiled,  the  dissolved  carbonate  separates 
out  as  a  solid,  as  the  carbon  dioxid  excapes  from  the  boiling  solution. 

Cameron  and  Bell  conclude,  with  respect  to  the  influence  of  sub- 
stances other  than  carbon  dioxid  upon  the  solubility  of  calcium 
carbonate,  that  the  alkaline  hydroxids  decrease  its  solubility,  while 
the  salts  of  sodium,  potassium,  ammonium,  calcium  and  magnesium 
tend  to  increase  its  solubility,  the  more  so  when  such  salt  solutions 
are  acid  in  reaction. 


MAGNESIUM  CARBONATE,  MgCOs- 
This  occurs  in  nature  in  the  mineral,  magnesite.  It  also  forms  part 
of  many  limestones.  Both  these  mineral  sources  are  used  for  the 
preparation  of  magnesium  compounds.  Magnesite  is  found  in  the 
same  form  of  crystal  as  that  exhibited  by  calcite;  under  special 
conditions,  however,  it  resembles  aragonite  in  form.  The  mineral 
weighs  3.056  times  as-  much  as  the  same  volume  of  water.  It  is  but 
very  slightly  soluble  in  water^  and  is  decomposed  by  weak  acids 
less  readilv  than  calcite.    When  the  solution  of  a  magnesium  salt  is 


ijour    Chem.   Soc.   Lond.,   19  (1866)  296. 
'Ztschr    nnorg.  Chem.  17  (1898)  170. 
'Davis,  .J.  Soc.  Chem.  Ind.,  25  (1906)  788. 
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treated  with  an  alkaline  carbonate,  the  normal  carbonate  is  not 
formed,  but  instead  some  basic  carbonate.  The  most  common  of  these 
basic  carbonates  has  the  formula  Mg^  (OHj^iCOajg,  SH^O,  which  indi- 
cates that  it  is  but  three-fourths  carbonated.  These  basic  carbonates 
dissolve  more  readily  than  the  normal  carbonate,  and  produce  much 
more  strongly  alkaline  solutions. 

The  carbonates  of  magnesia  are,  like  carbonate  of  lime,  much 
more  largely  dissolved  by  water  when  the  latter  contains  carbon 
dioxid,  and,  the  higher  the  temperature,  the  smaller  the  quantity 
of  the  magnesium  carbonate  held  in  solution.  EngeP  found  in  1,000 
parts  of  carbonated  water  at  3.5°C.  (38.3°F.)  36.5  parts  of  MgCOg 
at  12°0  (53.6°F),  26.5  parts;  at  30°O  (86°F),  15.8  parts.  This 
quantity  at  12°C  is  20  to  25  times  greater  than  that  for  calcium 
carbonate  dissolved  by  carbonated  water  at  the  same  temperature. 
In  the  case  of  magnesium  carbonate,  as  in  that  of  calcium  carbonate, 
the  solution  due  to  the  combined  action  of  water  and  carbon  dioxid, 
when  boiled,  gives  off  this  gas  and  deposits  the  solid  magnesium  car- 
bonate. 

The  presence  of  alkaline  salts  in  the  solution  tends,  in  general, 
to  promote  the  solution  of  this  carbonate. 

DOLOMITE,  MgCOa,  CaGOa. 

Magnesium  carbonate  shows  a  pronounced  tendency  to  form  double 
compounds  with  other  carbonates.  Of  these  double  carbonates,  that 
with  calcium  carbonate  is  most  abundant  in  nature,  forming  the 
mineral,  dolomite.  In  184  parts  by  weight,  it  contains  100  part 
or  54.35  per  cent.,  of  calcium  carbonate,  and  84  parts,  or  45.65  per 
cent.,  of  magnesium  carbonate.  These  proportions  correspond  to 
30.44  per  cent,  of  calcium  oxid,  (OaO)  ;  21.74  per  cent,  of  magnesium 
oxid  (MgO),  and  47.82  per  cent,  of  carbon  dioxid  (COJ.  Dolomite 
forms  crystals  similar  to  those  of  calcite.  Its  density  lies  between 
those  of  calcite  and  magnesite,  as  does  its  hardness.  It  is  usually 
decomposed  by  weak  acids  much  less  readily  than  calcite.  Thus, 
in  the  writer's  laboratory,  a  mixture  of  one  volume  of  concentrated 
hydrochloric  acid  diluted  with  water  to  ten  volumes,  almost  instantly 
decomposed  finely  divided  calcite  at  ordinary  temperatures,  but  set 
free  only  1-30  to  1-40  of  the  carbon  dioxid  contained  in  a  specimen  of 
dolomite,  when  the  latter  was  treated  like  the  calcite.  Dolomite  is 
also  dissolved  by  water  containing  carbon  dioxid  more  slowly  than 
limestone^  The  quantities  of  lime  held  in  a  saturated  solution  of 
dolomite  are  similar  to  those  in  like  solutions  from  calcium  car- 
bonate. 


^Comptes  rendus,  100  (1885)  444;  Ann.  Chem.  Phys.    6   13,  (1888)  344     See  also 
results  by  Maclntire  and  Willis,  BuU.  107,  Tenn.  Agr.  Expt   Station   d  170 
^'Maelntire  and  Willis,  Referenoe  above  cited  station,  p.  170. 


19 


LIMESTONE  PRODUCTS.  ^ 

In  the  following  paragraphs,  the  various  limestone  products  used 
for  agricultural  purposes,  especially  as  soil  amendments,  will  be 
briefly  considered. 

CRUSHED  LIMESTONE.  • 

There  has  been  an  increasing  demand  for  limestone  crushed  to 
medium  fineness,  for  use  especially  for  railroad  ballast,  in  road-mak- 
ing, and  as  a  base  for  the  making  of  concrete.  Quite  recently,  a  de- 
mand has  arisen  for  limestone  pulverized  to  such  fineness  that  the 
particles  shall  pass  a  sieve  of  not  less  than  60  meshes  to  the  inch. 
The  reason  for  this  preference  as  to  the  fineness  will  later  be  pre- 
sented. 

For  the  former  purposes,  a  simple  steel-jawed  crusher,  with  a  hinge 
movement  of  the  grooved  jaws,  together  with  a  reel-screen  of  varying, 
but  coarse  mesh,  has  met  all  demands.  When  the  machines  were 
set  so  as  to  grind  to  their  highest  capacity  as  to  fineness  of  product, 
they  produced  material  suitable  for  concrete  work  and  for  the  top 
metal  of  road  beds. 

When  the  demand  for  finer  material  first  arose,  a  limited  amount 
of  very  fine  powder,  often  fine  enough  to  pass  a  sieve  of  200  meshes 
to  the  inch,  was  obtained  by  enclosing  the  crusher,  and,  by  means 
of  a  fan,  drawing  the  dust  into  a  dust-room,  where  the  fine  powder 
was  deposited.  The  amount  of  dust  thus  obtained,  was,  however,  a 
very  small  proportion  to  the  total  output  of  the  crusher,  and  to 
meet  the  growing  demand  it  became  necessary  to  install  other  ap- 
pliance. In  the  larger  establishments,  various  forms  of  mills  were 
tried.  At  the  quarries  where  the  tough  Trenton  limestone  is  worked, 
it  has  been  found  needful  to  erect  a  train  of  five  different  machines 
requiring  40  horse  power  for  their  operation,  in  order  to  produce 
crushed  stone  of  the  desired  fineness.  The  toughness  and  hardness 
of  the  stone  were  such,  moreover,  as  to  wear  too  rapidly  the  metal 
ordinarily  used  in  making  the  parts  exposed  to  abrasion  by  this 
work;  so  that  it  became  needful  to  build  those  portions  of  the  ma- 
chinery with  parts  made  of  manganese  steel.  Moreover,  the  tim'e 
factor  in  production  was  greatly  increased  with  the  increasing  fine- 
ness of  the  powder  produced. 

The  experience  in  these  quarries  will  doubtless  prove  true  wherever 
rock  of  like  physical  quality  must  be  crushed.  On  the  other  hand, 
when  the  rock  is  soft,  simple  machinery  and  less  expensive  methods 
may  serve.  Conversely,  however,  the  soft  rock  is  commonly  less 
pure  than  the  hard. 

There  are  on  the  market,  several  portable  crushers  of  from  4  to 
15  tons  daily  capacity,  and  requiring  about  one  horse  power  per 
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ton  capacity,  that  are  being  urged  upon  the  agricultural  public  as 
serviceable  for  limestone  crushing  when  the  product  is  to  be  used 
for  soil  amendment.  It  is  not  claimed,  however,  that  they  will 
produce  a  powder  of  the  fineness  above  suggested,  but  only  that  so 
much  of  the  product  has  the  requisite  fineness  as  to  make  the  use 
of  these  machines  economical.  The  writer  has  had  too  small  op- 
portunity to  study  their  working,  to  presume  to  express  any  general 
conclusion  concerning  them.  In  one  case,  when  the  stone  was  but 
moderately  hard,  and  the  product  intended  for  soil  amendment,  a 
sifting  of  the  crushed  stone  showed  only  about  one-third  of  it  to  be 
sufficiently  fine  to  pass  a  60-mesh  sieve.  Where  railways  are  remote, 
such  machines  may  prove  economical*. 

The  purity  of  the  limestone  is  an  important  element  for  considera- 
tion in  the  undertaking  cf  the  production,  as  well  as  in  the  purchase 
of  crushed  limestone.  For  present  purposes,  we  shall  regard  the 
mangnesium  carbonate  as  practically  equal  in  value  to  the  calcium 
carbonate.  The  reason  for  this  will  be  elsewhere  considered.  With 
crushed  stone  costing  |2.00  at  the  point  of  shipment,  a  stone  con- 
taining only  80  per  cent,  of  calcium  and  magnesium  carbonates 
would  carry  400  pounds  of  useless  material  to  the  ton.  If  the  freight 
cost  per  ton  be  fl.OO,  and  the  cost  of  hauling  to  the  field  and  ap- 
plication |1.00  more,  the  buyer  will  have  paid  |4.00  for  1,600  pounds 

*  Since  this  paragraph  was  written,  the  writer  has  had  the  opportunity  of  exam- 
ining the  workings  of  a  comparatively  low-power  machine  (15  H.  P.)  made  by  an 
Ohio  firm.  This  machine  effects  a  hammering,  rather  than  a  grinding  or  crushing 
of  the  stone.  Its  makers  claim  the  cost  of  quarrying  and  reducing  one  ton  of  lime- 
stone to  fine  powder,  to  be  75  cents.  Preliminary  studies  made  in  Washington 
county,  by  County  Agriculturist  J.  M.  McKee,  indicate  a  cost  of  $1.50  a  ton. 
The  writer  has  had  determinations  of  fineness  made  upon  several  limestones,  re- 
duced by  this  machine  under  conditions  supposed  to  represent  its  average  working. 
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These  sif tings,  taken  together  with  the  experimental  evidence  later  given  upon  the 
influence  of  fineness  upon  limestone  eiiiciency,  indicate  that  the  machine  produces, 
when  working  under  average  conditions,  material  of  which  one-third  to  one-half 
is  of  the  desirable  fineness.  By  substituting  a  finer  screen,  the  physical  quality 
of  the  product  could  readily  be  improved.  It  is  noted,  however,  that  much  of  the 
commercial  crushed  limestone  selling  at  $2.50  to  $3.00  per  ton  is  not  much  finer. 

*  Coarser  than  1-30  inch  ;  **  1-30—1-40  inch . 
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of  valuable  material,  or  at  the  rate  of  $5.00  per  ton.  It  is  clear 
from  these  figures,  that  wlien  one  expects  to  buy  large  quantities 
of  crushed  limestone  for  soil  amendment,  he  will  do  well  to  secure 
a  satisfactory  guaranty  as  to  its  fineness  and  composition  before 
entering  into  contract  for  his  supply. 

In  view  of  the  cost  of  producing  a  finely  powdered  limestone,  the 
National  Lime  Manufacturers'  Association  a  few  years  ago  proposed 
a  standard  of  1-10  inch  for  the  fineness  of  crushed  limestone  in- 
tended for  agricultural  use.  This  proposal,  however,  found  little  sup- 
port from  the  agricultural  public.  In  1909,  therefore,  the  Associa- 
tion fixed  the  minimum  fineness  of  this  product  as  material  that 
would  pass  a  sieve  of  50  meshes  to  the  inch.  The  product  of  today 
is,  so  far  as  somewhat  limited  opportunities  of  observation  have 
enabled  the  writer  to  judge,  of  quite  satisfactory  quality  as  to  fine- 
ness of  sub-division.  ,  :  , 

LIME. 

The  term  "lime,''  used  without  some  adjective  that  qualifies 
its  meaning,  signifies  only  that  product  which  is  obtained  by  "burn- 
ing" or  heating  limestone  to  its  decomposition  point. 

Some  Properties  of  Calcium  Oxid,  (GaO),  I/ime. 

The  pure  product  obtained  by  the  union  of  calcium  and  oxygen  is 
a  white  porous  solid  containing  40  parts  by  weight  of  calcium  and 
16  parts  of  oxygen.  It  is  of  rare  occurrence  in  nature,  but,  as  arti- 
ficially prepared,  is  one  of  the  most  important  raw  materials  used 
in  the  arts.  The  ordinary  method  of  preparing  it  is  by  the  heating 
or  "burning"  of  limestone,  marble  or  oyster  shells,  which  are  more 
or  less  impure  carbonate  of  lime.  The  chemical  change  is  indicated 
by  the  formula:  "  • 

CaCOg  +  heat=CaO  +  CO^ 
100  56  44 

which  signifies  that  100  parts  by  weight  of  the  pure  carbonate  will, 
when  heated  under  proper  conditions,  split  up,  giving  off  44  parts  of 
the  gaseous  carbon  dioxid  (CO2)  and  leaving  50  parts  of  the  solid 
residue,  lime,  (CaO). 

The  manufacturing  process  will  be  briefiy  discussed  in  a  later  sec- 
tion, but  we  should  note,  at  this  point,  that  the  change  set  up  when 
the  carbonate  of  lime  is  heated,  is  a  reversible  one,  for  if  the  decompo- 
sition be  effected  by  heating  the  carbonate  in  a  closed  vessel,  the 
gaseous  carbon  dioxid  liberated  would  presently  accumulate  in  such 
density  as  to  retard  and  finally  arrest  the  splitting  off  of  further 
amounts  of  the  combined  dioxid;  and,  upon  cooling  the  vessel,  the 
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freed  gas  would  slowly,  but  completely  re-combine  with  the  lime, 
reforming  the  calcium  carbonate.  In  manufacturing  practice,  there- 
fore, the  gaseous  product,  CO2,  is  removed  by  provision  of  a  good 
draft,  or  even  displaced  in  part  by  steam.  The  less  dense  the  atmos- 
phere of  carbon  dioxid  surrounding  the  heated  carbonate,  the  more 
readily  the  splitting  up  of  the  latter  goes  on. 

It  would  be  possible  also  to  make  lime  by  heating  calcium  hydroxid, 
Ca  (OH),,  water  vapor  (HgO)  being  split  off  leaving  the  lime,  CaO, 
behind.  This  process,  too,  is  a  reversible  one,  the  water  tending  to 
re-combine  with  the  lime  as  represented  in  the  formula,  - 

-  '  CaO  +  H,0=Ca  (OH)^ 

;  -   V^^  '^  56  18  74 

56  parts  by  weight  of  lime  uniting  with  18  parts  of  water  to  fprm 
74  parts  of  the  calcium  hydroxid. 

In  view  of  these  facts,  it  is  easily  understood  why  commercial  lime 
cannot  be  held  unchanged,  except  by  keeping  it  in  a  dry  place  and 
out  of  contact  with  rapidly  changing  volumes  of  air. 

Pure  lime  does  not  readily  melt,  even  at  quite  high  temperatures. 
This  fact  accounts  for  its  behavior  in  the  kiln.  Its  true  specific 
gravity  is  3.08;  that  is,  it  weighs  a  little  more  than  three  times  its 
volume  of  water.  Owing,  however,  to  the  porous  character  of  stone 
lime,  the  commercial  article  is  much  lighter  than  these  figures  would 
indicate. 

Furthermore,  when  kept  dry,  it  is  relatively  inactive  at  ordinary 
temperatures,  although  capable  of  entering  into  a  great  variety  of 
combinations. 

Magnesium  Oxid,  Magnesia;  MgO. 

This  compound  is  usually  made  by  igniting  magnesium  carbonate 
(MgCOg).  The  splitting  up  of  the  carbonate  takes  place  at  con- 
siderably lower  temperatures  than  are  required  for  the  decomposition 
of  calcium  carbonate.  Of  the  pure  magnesium  carbonate,  84  parts 
by  weight  yield  40  parts  of  magnesia  and  44  parts  of  carbon  dioxid. 
As  ordinarily  made,  magnesium  oxid  is  a  light  powdery  material, 
v/eighing  3.07  times  as  much  as  the  same  volume  of  water ;  but,  upon 
heating  at  quite  high  temperature,  its  density  changes  from  3.07  to 
3.61 ;  and  when  heated  at  the  high  temperatures  of  the  oxy-hydrogen 
blow-pipe,  it  is  not  resistant  like  lime,  but  fuses,  and,  upon  cooling, 
forms  an  enamel-like  mass  hard  enough  to  scratch  glass.  Solid 
magnesia  is  practically  tasteless,  but  shows  a  faint  alkaline  reaction 
with  litmus  paper.  Upon  exposure  to  moisture,  the  ordinary  oxid  is 
slowly  converted  to  hydroxid,  Mg  (OH,)  ;  when,  however,  the  oxid 
has  been  exposed  to  high  heat  and  assumed  its  denser  condition,  the 
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change  to  hydroxid  proceeds  very  slowly.  Indeed,  it  has  been  stated 
that  such  oxid  requires  almost  a  year's  time  for  its  complete  hy- 
dration. 

Lime  Burning. 

There  are  a  number  of  processes  by  which  lime  is  burned,  but  all  - 
of  them  agree  in  that  they  involve  the  direct  exposure  of  the  stone 
to  the  flame.  They  differ  in  the  fuel  used,  wood,  coal,  oil  and  natural 
gas  being  severally  employed;  in  the  manner  of  the  heating,  the 
fuel,  where  solid  fuel  is  used,  being  burned  either  in  the  same  en- 
closure or  chamber  with  the  stone,  or  in  a  separate  furnace  or  burner 
whose  flame  enters  the  chamber,  stack  or  revolving  kiln  in  which  the 
stone  is  placed;  and  finally,  in  the  form  of  the  enclosure,  kiln  or 
retort,  and  in  the  process  being  continuous  or  discontinuous.  In  the 
continuous  process,  the  stone  is  continuously  discharged  into  the 
apparatus  at  one  end,  and  comes  out  at  the  other  as  the  finished 
product,  the  operation  not  being  interrupted;  in  the  discontinuous 
process,  the  apparatus  must  be  cooled  and  emptied  for  each  charge, 
and  then,  when  re-charged,  again  fired.  As  this  bulletin  is  not  in- 
tended to  serve  as  a  guide  to  the  construction  and  operation  of  ex-  • 
tensive  lime-producing  plants,  the  description  of  the  kiln  processes  ' 
will  not  be  further  detailed  in  this  connection. 

In  view,  however,  of  the  increasing  demand  on  the  part  of  farmers 
for  information  upon  the  home-production  of  lime,  a  somewhat  more 
detailed  consideration  of  this  phase  of  the  lime  industry  appears 
desirable. 

In  the  eastern  counties  of  the  State,  it  is  quite  common  for  farmers 
upon  whose  properties  suitable  ston6  well  located  for  quarrying  oc- 
curs, to  follow  the  lime-'burners'  business  as  a  side  line  to  their 
main  business  of  farming,  the  surplus  lime  produced  being  sold  to 
neighbors  unable  to  make  their  own  provision  for  the  lime  they  re- 
quire. In  most  such  cases,  the  lime  used  to  be  burned  in  simple, 
inexpensive,  discontinuous  kilns. 

Today,  these  kilns  are  much  less  in  use,  and  many  farmers  burn 
the  lime  that  their  own  farms  require,  by  the  "heap"  process,  some 
purchasing  and  hauling  to  their  farms  the  requisite  stone,  and  others 
burning  a  heap  in  partnership  with  neighbors,  or  of  such  size  as  to 
afford  a  surplus  to  be  sold  to  them.  /  . 

Burning  in  the  "heap,"  as  practised  in  Centre  County,  is  con- 
ducted about  as  follows : — 

A  convenient  oblong  piece  of  ground  is  cleared,  and  leveled  if  need 
be,  to  secure  a  fit  platform.  Upon  this  level  is  placed  a  layer  or  two 
of  good  cord  wood,  better  well  seasoned,  arranged  in  such  manner  as 
to  afford  horizontal  draught  passages  into  the  interior  of  the  heap. 
Between  the  chinks  in  the  cord  wood,  shavings,  straw  or  other  li^ht 


24 


kindling  is  placed.  The  stone  having  been  reduced  to  the  size  of  a 
double  fist,  sometimes  not  so  small,  is  laid  upon  the  cord  wood,  care 
being  taken  to  leave  chinks  between  the  stones  just  as  between  the 
bricks  in  a  brick  kiln.  It  is  preferred  that  this  layer  of  stone  should 
not  exceed  six  to  ten  inches  in  thickness,  some  cases,  temporary 
wooden  flues,  filled  with  straw,  are  erected,  either  one  at  the  center 
or,  if  the  heap  is  elliptical,  one  near  each  end,  and  the  stone  and  coal 
are  built  up  around  them ;  thus,  when  they  are  burned  out,  a  chimney 
or  two  is  secured,  which  may  be  damped  by  pieces  of  stone  or  sod. 
Upon  this  first  layer  of  stone  is  spread  a  layer  of  coal,  and  upon  that 
a  thicker  layer  of  stone  (12  inches),  and  so  on,  coal  and  stone  alter- 
nating until  the  heap  is  topped  with  smaller  stone.  The  largest  stones 
should  be  placed  near  the  top  of  the  heap,  but  not  near  the  outside, 
so  that  they  may  be  exposed  to  the  highest  heat.  The  proportion 
of  coal  is  diminished  in  the  upper  layers,  the  effort  being  to  distribute 
one-half  of  the  total  coal  employed  in  tbe  two  lower  layers,  so  as  to 
secure  the  highest  economy  possible  in  the  use  of  the  fuel.  Fire  is 
then  kindled  in  the  straw  or  shavings ;  when  the  flames  have  communi- 
cated themselves  to  the  cord  wood  and  lowermost  layer  of  coal,  and 
tongues  of  flame  shoot  out  from  the  crevices  in  the  sides  of  the  heap, 
earth,  previously  loosened  by  a  few  turns  of  the  plow  about  the  heap, 
is  rapidly  spread  over  the  entire  heap,  thus  damping  the  drafts  and 
retarding  the  combustion.  Steam  and  smoke  slowly  escape  during 
the  flrst  hours,  but  later  the  entire  heap,  including  the  outer  cover- 
ing of  earth,  is  heated  to  a  dull  red  glow.  The  burning  goes  on  slowly 
for  several  days,  the  interior  often  being  hot  for  several  weeks. 
When  the  lower  portion  of  the  heap  has  reached  an  advanced  stage 
of  calcination,  a  portion  of  the  outer  layer  of  lime  sometimes  slips 
down;  if  so,  a  fresh  covering  of  earth  must  promptly  be  applied  at 
the  exposed  point ;  otherwise  it  will  serve  as  a  vent  for  the  heat,  and 
the  top  and  other  sides  will  fail  of  proper  calcination. 

In  other  localities,  the  heap  is  covered  with  compact  earth  or  sod 
before  the  fire  is  kindled,  a  few  openings  being  left  at  the  top,  whereby 
the  steam  and  smoke  may  escape;  these  openings  are  stopped  as 
soon  as  the  smoke  has  disappeared.  Low^  states  that  in  England  a 
compact  wall  with  proper  draught  holes,  is  carefully  built  around 
the  lower  portion  of  the  heap  and  that  the  top  is  covered  with 
turf  or  mud.  "This,"  he  says,  "is  an  expensive  method  of  burning, 
from  the  large  quantity  of  fuel  required;  but  from  the  more  slow 
and  gradual  combustion,  the  lime  is  reckoned  superior  to  that  pro- 
duced by  other  means."  The  quantity  of  fuel  used  in  Centre  County 
is  roughly  one  ton  of  coal  for  each  100  bushels  of  lime,  though  a  heap 
of  3,000  bushels  is  sometimes  satisfactorily  burned  with  twenty  tons 
of  coal ;  that  is,  the  ratio  of  coal  to  lime  ranges  from  1 :3.5  to  1 :5,  or, 

^^Landed  Property  and  Economy  of  Estates,  p.  494. 
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estimating  on  the  basis  of  compact  limestone,  yielding  about  30 
bushels  of  lime  to  the  perch,  one  ton  of  coal  would  burn  from  three 
and  one- third  to  five  perches. 

Temperature  of  Lime  Burning:  Bleininger  and  Emley^  have  recently  investigated 
this  subject  and  reached  the  following  conclusions: 

"Three  factors  are  essential  to  the  process  of  lime  burning:  (1)  The  stone  must 
be  heated  to  the  temperature  of  dissociation  of  the  carbonates,  (2)  this  temperature 
must  be  maintained  for  a  certain  length  of  time,  (3)  the  carbon  dioxide  evolved  must 
be  removed. 

Many  experiments  have  been  made  to  determine  the  temperature  of  dissociation 
of  calcium  carbonate.  The  best  and  most  recent  work  done  on  this  subject  is  probably 
that  by  Johnston',  who  established  the  dissociation  temperature  at  S98°G.  (1,648°F.). 
The  corresponding  temperature  for  magnesium  carbonate  depends  upon  whether  it 
exists  in  limestone  as  such  or  whether  it  is  combined  with  calcium  carbonate  to 
form  the  double  salt,  dolomite.  If  the  latter  be  true,  the  dolomite  may  have  a 
different  dissociation  temperature,  which  has  not  been  determined. 

"After  this  temperature  has  been  reached,  it  must  be  maintained  for  some  time 
in  order  to  trasfer  the  required  amount  of  heat  to  the  stone.  Johnston,  quoting 
from  Thompson,  gives  the  heat  of  dissociation  of  calcium  carbonate  as  42,900  calories' 
per  gram  molecule  at  300°  Abs.*  Assuming  a  rate  of  variation  of  this  factor  with 
the  temperature,  he  calculates  the  figure  to  be  38,500  calories  at  1,100°  Abs.  Since 
the  heat  dissociation  of  calcium  carbonate  at  the  temperature  ordinarily  used  in 
practice  has  never  been  determined,  it  cannot  be  stated  that  the  figures  given  are 
scientifically  accurate,  and  the  same  inaccuracy  of  our  knowledge  applies  with  regard 
to  magnesium  carbonate.  In  the  discussion  of  the  heat  efficiency  of  lime  kilns, 
we  have  assumed  these  figures  to  be  768.55  B.  t.  u.  per  pound  of  calcium  carbonate, 
and  464.3  B.  t.  u.  per  pound  for  magnesium  carbonate,  admitting  that  these  figures 
are  not  accurate  but  claiming  in  their  defense  that  they  are  probably  sufficiently  near 
the  truth  for  practical  purposes. 

"The  physical  properties  of  the  stone  undoubtedly  have  some  influence  on  the 
amount  of  heat  required  and  the  time  in  which  this  heat  can  be  transferred  at  any 
given  temperature.  Thus  it  will  take  longer  to  burn  a  large  piece  of  stone  than  a 
smaller  one.  A  fine-grained  dense  stone  will  conduct  the  heat  more  readily  than  one 
which  is  coarsely  crystalline  and  porous.  Practical  experience  seems  to  point  to 
the  fact  that  the  crystals  themselves  require  more  heat  to  dissociate  them  than 
the  amorphous  stone.  The  time  required  to  transfer  a  given  amount  of  heat 
roughly  speaking  varies  inversely  with  the  temperature  difference.  Therefore  it 
has  been  found  economical  to  use  as  high  a  temperature  as  possible  in  order  to  reduce 
the  time  for  burning.  The  upper  limit  of  the  temperature  is  reduced  by  the  phe- 
nomenon of  "overburning."  Overburned  lime  can  be  recognized  by  its  yellow  color 
and  by  the  extremely  long  time  it  takes  to  slake.  These  features  or  properties  are 
probably  caused  by  a  chemical  combination  of  the  lime  with  the  impurities  (especially 
with  the  silica  and  silicates)  it  contains.  This  is  indicated  by  the  fact  that  it  has 
been  found  impossible  to  overburn  some  limes,  which  are  exceptionally  pure.  Lime 
may  be  overburned  by  being  heated  for  too  long  a  time,  as  well  as  by  being  heated 
to  k  too  high  temperature.  In  general  it  is  better  to  underburn  than  to  overburn 
lime,  for  the  unburned  stone  may  be  put  back  into  the  kiln,  while  the  overburned 
lime  is  useless.  Moreover,  the  properties  of  overburning  seem  to  assert  themselves 
gradually,  so  that  the  best  lime  is  obtained  by  using  the  minimum  amount  of  heat. 

"To  sumn  arize:  A  certain  quantity  of  heat  must  be  supplied  to  dissociate  the 
carbonates  in  the  stone.  The  quantity  varies  with  the  chemical  and  physical  prop- 
erties of  the  stone.  In  supplying  this  heat  it  is  optional  to  use  either  a  high  tem- 
perature for  a  short  time,  or  a  lower  temperature  for  a  longer  time.  The  tempera- 
ture reached  must  be  higher  than  898°C.  (1,64S°F.),  if  decomposition  is  to  take  place 
at  atmospheric  pressure.  The  more  nearly  the  amount  of  heat  used  approaches  the 
minimum  required,  the  better  will  be  the  quality  of  the  lime." 

Effect  of  impurities  and  physical  qualities  upon  iimiing: — In  the 
same  paper,  Bleininger  and  Emley  discuss  this  phase  of  the  sub- 
ject: 


'Burning  temperatures  of  limestone:  Trans.  Nat.  Lime  Mnfs.  Assn.,  1911, 
p.  77:  quoted  by  Burchard,  The  Production  of  Lime  in  1911:  U.  S.  Geol.  Survey; 
pp.  73-74. 

^Johnston,  Thermal  Dissociation  of  CaCOs ;  Jour.  Am.  Oh'em.  Soc,  Aug., 
1910,  p.  938. 

'A  "calorie"  is  the  amount  of  heat  required  to  raise  the  temperature  of  one 
gram  of  water  through  1°C.  of  temperature. 

*To  obtain  the  corresponding  degree  on  the  Centigrade  Scale,  subtract  273  from 
the  degree  number  expressed  on  the  Absolute  Scale. 
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"The  problem  of  burning  limestone  would  be  a  very  simple  one  if  we  were  dealing 
with  pure  carbonates.  If  this  were  the  case,  the  lime  could  not  be  overburnt  under 
the  conditions  of  burning,  and  likewise  the  magnesia  would  have  a  temperature 
range  sufficiently  wide  for  all  practical  purposes.  Unfortunately,  this  is  not  the  case. 
All  limestones  carry  impurities  in  the  shape  of  clay,  silica,  iron  oxide,  alkalies, 
carbon,  pyrites,  etc.  It  happens  that  more  or  lyss  of  these  impurities  are  more  or 
less  acid  in  character,  being  opposite  in  this  respect  to  the  lime  and  magnesia, 
which  are  basic.  Since  there  is,  however,  the  tendency  on  the  part  of  all  acid  and 
basic  substances  to  combine  to  form  compounds,  it  is  evident  that  silica  will  pro- 
duce silicates  of  lime  and  magnesia;  alumina,  aluminates ;  and  ferric  (iron)  oxide, 
ferrates.  While  lime  itself  is  practically  infusible,  as  far  as  industrial  temperatures 
are  involved,  the  various  silicates,  aluminates  and  ferrates  are  comparatively 
fusible.  In  heating  limestone  to  its  dissociation  temperature,  we  are  also  causing 
heat  to  affect  its  impurities.  A  curious  and  interesting  natural  law  begins  to 
operate  in  this  connection,  the  working  out  of  which  it  is  of  interest  to  note.  As 
soon  as  the  stone  is  heated  to  about  its  practical  dissociation  temperature,  the 
impurities  mentioned  combine  with  the  lime  in  such  proportions  that  the  resulting 
mixture  begins  to  soften,  indicating  incipient  fusion.  In  other  words,  the  silica, 
alumina  and  iron  oxide  combine  with  just  suIBcient  lime  to  bring  about  this  result, 
and  no  more.  We  are  dealing  hence  with  an  automatic  selection  of  a  fusible  matrix 
which  is  constant  only  for  a  certain  temperature.  On  raising  the  temperature, 
the  amount  of  fusible  matter  increases,  and  hence  its  composition  must  change. 
It  will  bring  into  this  matrix  some  more  lime.  Hence,  as  the  temperature  rises, 
the  fluxes  become  more  and  more  potent  by  combining  with  increasing  amounts  of 
lime.  For  instance,  while  an  impure  stone  may  be  heated  to  1,830°  F.,  and  still 
produce  a  salable  lime,  at,  say,  2,200°  F.,  the  impurities  with  their  combined  lime 
constitute  such  a  large  portion  of  the  total  mass,  which  on  account  of  its  softening 
closes  up  the  pores  and  envelopes  the  particles  of  lime  by  a  slaglike  coating,  that 
the  lime  slakes  but  difficultly  and  hence  has  lost  part  or  all  of  its  commercial  value. 

"It  must  be  realized  that  there  is  another  important  function  connected  with 
the  softening  of  the  impurities  and  their  quota  of  lime.  In  all  rocks  which  have 
been  heated  to  their  incipient  softening  temperature  a  force  is  operative  which 
tends  to  close  up  all  the  pores.  A  lump  of  limestone  in  the  kiln  might  be  imagined 
to  be  acted  upon  on  all  side  by  surface  forces  which  tend  to  contract  it,  or  make 
it  smaller,  thus  closing  up  all  the  poral  spaces.  In  pure  lime  this  force  is  ineffec- 
tive, as  there  is  no  softening  at  these  temperatures.  It  therefore  remains  porous, 
and  it  is  practically  impossible  to  overburn  it. 

"The  impurities  of  limestone  for  this  reason  are  not  only  objectionable  on  ac- 
count of  their  mere  presence  but  more  so  due  to  their  action  just  described.  This 
might  be  illustrated  by  an  example.  Supposing  we  are  dealing  with  a  limestone 
which  has  the  following  composition: 

Percent. 

Carbonate  of  lime,    ^^'t^ 

Carbonate  of  magnesia,    -74 

Silica,    1-41 

Alumina,    -25 

Ferric  oxide,    -^O 

"What  is  the  amount  of  lime  actually  available  as  such?  Assuming  that  the 
dicalcium  silicate,  tricalcium  aluminate,  and  tricalcium  ferrate  are  formed,  we 
h.ave  left  96.36— (4.70  plus  0.75  plus  0.75)  equals  90.16  per  cent,  of  carbonate  which 
goes  to  make  free  lime.  The  impurities  thus  have  withdrawn  a  share  of  the  lime 
from  active  service.  In  addition  they  have  closed  up  the  pores  of  the  lumps  and 
have  hardened  the  structure.    *****  .  . 

"So  far  as  its  physical  properties  are  concerned,  any  kind  of  limestone  is  suitable 
for  burning. These  properties  do,  however,  influence  to  a  noticeable  extent  the  cost 
of  production.  Experience  has  shown  that  a  fine  grained,  dense  stone  can  be 
burned  at  a  lower  temperature  and  at  a  less  heat  than  one  that  is  coarsely  crys- 
alline  and  porous.  Coarse  crystalline  stones,  especially  if  they  are  very  pure, 
are  apt  to  fall  to  pieces  in  the  kiln,  thus  reducing  the  production  of  lump  lime. 

'  The  same  occurrence  is  noticed  sometimes  when  a  porous  stone  is  used,  although 
in  this  case  it  is  probably  due  to  the  rapid  expulsion  of  water  from  the  pores.  On 

■  the  other  hand,  laboratory  work  done  during  this  investigation  indicates  that  all 
naturally  porous  stones  lost  their  carbon  dioxide  at  a  lower  temperature  (1,652°  F.) 
than  the  denser  materials."^  .  ,  .       »  - 

"Why  these  laboratory  results  are  contradicted  in  practice  is  a  subject  for  future 
investigation,  and  is  probably  dependent  on  the  size  of  the  pieces  of  stone,  the 
quantity  of  material  used,  and  similar  factors."  

^Day  A  L  ,  and  Sheoherd,  E.  S.,  The  Lime-silica  series  of  minerals:  Jour. 
Am.  Chem,  Soc,  1906,  p'.  1089. 
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Agricultural  Lime. 
This  name  should,  for  the  safety  of  the  purchaser,  be  used  solely 
to  designate  the  product  obtained  by  the  practically  complete  and 
the  properly  regulated  burning  of  limestone,  and  intended  for  use 
or  sale  for  agricultural  purposes.  In  some  of  the  laws  recently 
enacted  for  the  regulation  of  the  trade  in  agricultural  lime,  this 
name  has  been  given  a  much  broader  meaning,  so  as  to  include  not 
only  fresh  lump  lime,  but  also  the  product  of  its  slaking  and  even 
crushed  unburned  limestone.  The  objection  to  this  broad  use  is  that 
the  name  is  already  understood  quite  generally  to  apply  only  to  lime 
proper  whose  neutralizing  efficiency  is  practically  twice  as  great  as 
that  of  an  equal  weight  of  unburned  carbonate;  and,  moreover,  the 
adoption  of  the  name  for  the  entire  group  of  products  leaves  no  suit-  , 
able  name  in  common  use  for  designating  the  most  valuable  product 
in  the  group. 

Owing  to  the  fact  that  the  demands  as  to  color  and  purity  for  agri- 
cultural lime  are  less  exacting  than  those  for  finishers'  and  chemical 
limes,  and  also,  doubtless,  owing  to  the  fact  that  agricultural  lime 
is  sold  for  a  lower  price,  lime-burners  prepare  it  from  the  less  desir- 
able rocks  of  the  quarry,  and  with  less  care  to  exclude  from  it  the 
fuel  ashes.  This  exclusion  is  always  a  matter  requiring  some  care 
in  the  case  of  lime  burned  in  direct  kilns,  continuous  or  discon- 
tinuous, in  which  coal  is  burned  in  contact  with  the  limestone. 

The  gauge  of  value  of  lime. 
When  intended  for  soil  amendment,  the  value  of  lime  may  be  re- 
garded as  proportional  to  the  sum  of  its  content  of  calcium  and 
magnesium  oxids.  As  will  later  appear,  both  these  oxids  produce 
similar  chemical  effects  upon  most  soils.  There  are,  doubtless,  a 
few  cases  in  which  the  magnesium  oxid  may  be  less  desirable  than  the 
calcium  oxid,  but  the  small  amounts  of  magnesium  in  most  of  the 
commercial  limes  are  quite  unobjectionable. 

Weight  of  lime. 

Well-burned  limes  differ  greatly  in  weight  according  both  to  the 
physical  quality  of  the  stone  and  to  the  conditions  of  burning.  The 
actual  bushel  weights  of  lime  vary  from  60  to  100  pounds.  The 
quantities  are  usually  determined,  however,  by  weight,  rather  than 
by  measure.  According  to  the  law  enacted  in  1911  by  the  Pennsyl- 
vania Legislature,  the  legal  weight  of  a  bushel  of  lime  is  70  pounds. 

Ground  lime. 

This  is  the  product  obtained  by  grinding  or  otherwise  pulverizing 
by  mechanical  means,  fresh  burned  lump  or  stone  lime.  It  is  usually 
sold  in  paper  sacks  and  can,  by  reason  of  its  fine  physical  condition, 
be  conveniently  applied  in  small  quantities.    The  buyer  must,  how- 


28 

ever,  beware  of  the  inclusion  in  this  product  of  ground  "cores," 
usually  composed  of  under-burned  limestone  and  therefore  rich  in 
carbonates.  The  quantities  of  carbon  dioxid  contained  in  some  of 
the  commercial  ground  limes,  indicate  the  presence  of  large  propor- 
tions of  such  imperfectly  burned  stone,  which  has,  even  when  well 
pulverized,  only  about  one-half  the  value  of  pure,  well-burned  lime. 

SLAKED  LIME. 

Upon  contact  with  water,  the  oxids  of  both  calcium  and  magnesium 
unite  to  form  the  corresponding  hydroxids,  or  hydrates,  as  they  are 
often  called. 

Calcium  hydrowid,  Ca(0H)2 

When  one  part  of  water  is  carefully  brought  into  contact  with  3 
parts  of  stone  lime,  the  two  substances  unite  with  a  liberation  of 
much  heat.  In  fact,  the  amount  is  so  great,  when  large  masses  of 
lime  are  quickly  hydrated  or  slaked,  that  the  temperature  rises  suf- 
ficiently high  to  cook  an  egg.  Even  when  the  union  of  water  with 
calcium  oxid  goes  on  very  slowly,  if  it  occurs  under  conditions  pre- 
venting the  rapid  loss  of  heat,  the  temperature  may  reach  a  point 
high  enough  to  cause  the  charring  and  final  bursting  into  flame  of 
woodeil  objects  in  contact  with  the  hot  mass.  On  the  other  hand,  if 
the  hydration  is  gradual  and  conditions  favor  the  rapid  escape  of  the 
heat,  no  marked  temperature  elevation  may  appear. 

The  amount  and  manner  of  addition  of  the  water  greatly  influences 
the  physical  condition  which  the  slaked  lime  assumes.  These  differ- 
ences will  be  briefly  considered  in  a  later  paragraph. 

Calcium  hydroxid  is  rather  soluble  in  water.  Lime  water  is  the 
product  obtained  by  pouring  an  excess  of  water  upon  the  calcium 
hydroxid,  and  allowing  the  two  to  stand  in  contact  until  the  water 
has  taken  up  all  the  hydroxid  it  can  dissolve.  At  15°  Centigrade  (59° 
Fahrenheit)  the  saturated  solution  contains  17  parts  of  Ca(0H)2  in 
10,000  parts  of  water.  At  higher  temperatures,  the  quantity  of  the 
dissolved  hydroxid  decreases. 

The  hydroxid  and  its  solution  are  chemically  very  active.  In  con- 
tact therewith,  a  great  many  substances  split  up,  parts  of  them  form- 
ing a  combination  with  the  calcium.  Thus  lime  in  the  presence  of 
water  was  long  used  in  the  crude  domestic  methods  of  making  caustic 
potash  (KjO)  from  wood  ashes,  which  contain  considerable  percent- 
ages of  potassium  carbonate  (KgCOg).  The  chemical  change  is  ex- 
pressed by  the  formula 

K2CO3  +  Ca  (OH)2=2KOH  +  CaCOg. 

As  a  result  of  the  action  of  the  lime  in  excess  upon  the  carbonate 
of  potash,  there  is  formed  the  soluble,  crude  caustic  potash  (potas- 
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sium  hydroxid,  KOH)  ol'  the  leach  liquor,  and  the  slightly  soluble 
solid,  calcium  carbonate  (CaOOg)  which  remains  behind  in  the  leach 
vat. 

Lime  putty,  which  is  a  wet  calcium  hydroxid,  when  touched,  pro- 
duces, like  caustic  soda,  caustic  potash,  and  ammonia  water,  a  slip- 
pery feel  of  the  skin.    This  is  due  to  its  attacking  and  dissolving  the  - 
tissues  of  the  skin.    Lime  water  has,  for  a  like  reason,  what  is 
called  a  "caustic  taste"  when  it  is  held  in  the  mouth  for  an  instant. 

Also,  it  has  an  alkaline  reaction;  that  is,  it  turns  red  litmus  paper 
blue  when  the  latter  is  dipped  even  into  very  dilute  lime  water,  or 
is  touched,  when  moist,  to  a  piece  of  caustic  or  slaked  lime. 

Magnesium  Hydroxid,  Mg{0H)2- 

This  substance  may  be  prepared  by  the  slow  action  of  moisture  upon 
magnesium  oxid.  It  is  more  rapidly  made  by  treating  the  solution 
of  a  magnesium  salt  with  potassium  or  sodium  hydroxid,  the  mag- 
nesium hydroxid  being  thrown  out  of  solution  as  a  white  solid.  This  . 
hydroxid  also  occurs  in  nature  as  the  beautiful,  pearly  mineral, 
Itrucite.  It  is  much  less  soluble  in  water  than  the  corresponding 
calcium  hydroxid.  Whipple  and  Unger^  state  that,  at  22°C  (71.6°F) 
one  million  parts  of  the  saturated  solution  in  water,  contain  only 
12  parts  of  magnesium  hydroxid.  Despite  its  low  solubility,  and 
the  scarcely  perceptible  alkalinity  of  its  solution,  magnesia  suspended 
in  boiling  dilute  solutions  of  ammonium  salts,  is  extensively  used 
by  chemists  to  separate  the  ammonia  of  these  salts  from  mixtures 
containing  also  nitrogenous  organic  compounds.  If  lime  were  used, 
it  would  decompose  part  of  these  organic  substances,  forming  am- 
monia from  them.  Even  magnesia  is  not  wholly  without  slight  ef- 
fects of  this  kind. 

It  must  not  be  supposed,  from  the  facts  just  stated,  that  magnesia 
has  little  power  to  effect  chemical  changes;  for,  although  its  solu- 
tions are  very  dilute,  if  the  magnesium  hydroxid  they  contain  is 
changed  into  some  other  compound,  fresh  portions  are  quickly  dis- 
solved from  the  suspended  magnesia;  so  that  the  chemical  change 
may  go  rapidly  on.  For  example,  Bordeaux  mixture  is  made,  accord- 
ing to  the  Italian  method,  by  treating  solutions  of  copper  sulphate 
with  an  excess  of  lime  water,  whereby  copper  hydroxid  is  formed 
and  thrown  out  of  solution.  A  solution  of  magnesium  hydroxid, 
free  from  suspended  magnesia,  would  produce  little  noticeable  change 
in  the  dissolved  copper  sulphate;  but,  if  suspended  magnesia  be  pres- 
ent in  excess,  as  when  slaked,  maguesian  lime  paste  is  used,  the 
copper  hydroxid  is  gTadually  thrown  down,  until  the  liquor  is  prac- 
tically free  from  dissolved  copper. 
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'  Physical  effects  of  lime  hydration. 

In  describing  calcium  hydroxid  the  chemical  nature  of  the  forma- 
tion of  this  compound  by  the  addition  of  water  to  lime  (Calcium 
oxid)  and  the  fact  that  much  heat  is  liberated  in  the  change,  were 
stated.  A  well-burned  lime  from  good  limestone  yields,  theoretically, 
74  pounds  of  dry  slaked  lime  (calcium  hydroxid)  from  each  56 
pounds'  of  lime.  That  is,  with  pure  lime,  the  weight  is  increased 
about  one-third  in  slaking.  When,  however,  clayey  or  sandy  impuri- 
ties are  present,  these  take  up  little  or  no  water  in  the  slaking  pro- 
cess, so  that  the  yield  in  slaked  lime  falls  off  in  proportion;  and, 
of  course,  the  same  effect  follows  the  presence  of  over-burned  or 
under-burned  lumps  in  the  lime.  The  presence  of  magnesia  also  af- 
fects the  results,  especially  when  the  slaking  is  performed  quickly. 
Magnesia,  40  parts  should,  according  to  theory,  produce  58  parts 
of  magnesium  hydroxid;  or  100  pounds  of  magnesia,  145  pounds,  or 
nearly  one-half  more,  of  the  hydroxid.  As  a  matter  of  fact,  the 
hydration  of  the  magnesia  is  never  quickly  completed,  and  the  yield  of 
slaked  lime  containing  it  is  consequently  somewhat  reduced.  Highly 
magnesian  limes  usually  slake  without  much  giving  off  of  heat,  since 
they  slake  slowly.  They  are,  therefore,  commonly  called  "cold  slak- 
ing" limes. 

In  addition  to  its  absolute  gain  in  weight,  due  to  the  water  taken 
into  combination,  when  lime  is  slaked  it  tends  also  to  increase  in 
volume.  The  purity  of  the  lime  greatly  influences  the  degree  of 
expansion.  Pure  limes  sometimes  swell  to  three  and  one-half  times 
their  original  volume.  Highly  magnesian  limes  swell  but  slightly, 
sometimes  practically  not  at  all.  It  follows  that,  in  the  case  of 
pure  limes,  the  bushel  weight  of  the  slaked  limes  averages  about  40 
pounds,  even  though  the  original  70-pound  bushel  of  lime  formed 
about  92  pounds  of  dry  slaked  lime — the  average  expansion  being  a 
little  over  two-fold. 

When  an  excess  of  water  is  used,  other  physical  qualities  of  the 
slaked  lime  vary  with  conditions.  With  a  moderate  excess  of  water, 
pure  limes  form  putty  lime  pastes.  When  the  lump  lime  is  drenched, 
as  in  making  white-wash,  pai  t  of  the  lime  remains  in  coarse  granules 
at  the  bottom  of  the  container.  A  similiar  condition  appears  when 
lime  is  exposed  in  small  heaps  in  the  field  and  is  wet  by  heavy 
rains.  Such  coarse  granules  do  not  break  up  readily  in  the  soil, 
and  consequently  do  not  distribute  well,  nor  soon  b£come  useful. 

Cement  rock. 

When  clay  is  present  to  the  extent  of  over  20  per  cent.,  and  is 
uniformly  distributed  through  the  rock,  it  combines  with  the  lime 
when  the  stone  is  burned  at  the  usual  temperatures,  and  formsi  a 
hydraulic  cement  which  does  not  slake,  but  sets  under  exposure  to 
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water.  The  uniformity  of  distribution  of  the  clay  in  the  stone  is 
fully  as  important  as  its  quantity.  By  the  careful  avoidance  of  too 
high  temperature  in  the  burning,  stones  that  are  near  the  danger 
point  in  the  amount  of  clayey  impurity  present,  may  often  be  burned 
into  useful,  quite  well-slaking  limes.  Since  the  ordinary  chemical 
analysis  affords  no  hint  of  the  distribution  of  the  impurities,  it 
is  not  possible  to  determine  with  exactness,  by  analysis,  the  burn- 
ing qualities  of  somev^^hat  impure  stones. 

Eydrated  lime. 

This  name  is  given  to  lime  that  has  been  slaked  with  especial 
care,  usually  with  the  aid  of  machinery  to  insure  proper  mixing  of 
the  lime  and  water.  The  product  is  dry,  finely  divided,  suitable  for 
shipment  in  jute  or  paper  sacks,  and  readily  drillable. 

While  numerous  processes  for  hydrating  lime  have  been  patented, 
they  consist  essentially  in  grinding  the  lime,  mixing  it  thoroughly 
\^ith  water,  and  bringing  the  product  to  a  uniform,  fine  powder.^ 

Sometimes  the  lime  is  simply  put  through  a  crusher  and  broken 
to  one-half  inch  pieces ;  in  other  cases,  it  is  milled  to  a  fine  powder. 
Burchard  notes,  in  the  publication  earlier  cited,  that,  too  often, 
cores  and  other  impurities  are  ground  with  the  lime  to  be  hydrated. 

In  the  hydrator  or  mixer,  the  broken  or  pulverized  lime  is  care- 
fully mixed,  by  stirring  mtchiner}',  with  a  definite  amount  of  water, — 
say  55  pounds  of  water  to  each  100  pounds  of  '•high-calcium"  lime, 
or  30  pounds  to  each  100  pounds  of  magnesian  lime.  Sometimes  the 
water  is  all  added  at  once,  as  in  the  Dodge  process  \vhen  finely 
powdered  lime  is  used;  sometimes  a  portion  of  lime  is  first  stirred 
with  a  marked  excess  of  water,  and  then  the  remainder  of  the 
lime  stirred  into  the  wet  mixture.  In  the  Eldred  process,  the  full 
lime  charge  is  1,000  pounds.  Of  this,  400  pounds  is  first  mixed 
with  450  to  500  pounds  of  water,  and  then  the  remaining  600  pounds 
of  lime  is  stirred  in. 

By  every  method,  water  is  used  in  quantities  somewhat  is  excess 
cf  theory.  Part  of  this  excess  is  lost  as  steam  from  the  mixer,  and 
part  escapes  when  the  slaked  product  is  binned  to  'cure',  a  process 
requiring  about  48  hours.  After  the  binning,  the  hydrated  lime 
is  sifted  and  bagged. 

Purity  of  commercial  hydrated  limes. 

The  writer  has  examined,  during  recent  years,  a  considerable 
number  of  commercial  brands  of  hydrated  lime.  All  were  dry  and 
free  from  lumps.  Some  were  highly  magnesian,  but  most  were  low 
in  this  element.  Acid-insoluble  impurities  were  commonly  low.  In 
some  cases,  however,  the  quantities  of  carbon  di-oxid  present  were 

'•Compare  B.  0.  Eckel,  Cements,  Limes  &  Plasters:  New  York,  John  Wiley 
&  Sons,  1909,  pp.  124-129. 
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i-o  greiil  as  considerably  to  reduce  the  agricultural  value  per  pound 
of  the  hydra  ted  lime;  so  great,  indeed,  as  to  indicate  the  inclusion 
of  under-burnt  stone  or  "cores,"  rather  than  air-slaking  of  the  pure 
hydrate,  as  the  reason  for  the  excess  of  the  carbonate. 

Spraying  lime. 

For  the  purpose  of  making  Bordeaux  mixture,  for  which,  in  this 
country,  lime  is  used  essentially  in  the  form  of  thin  lime  paste,  it 
is'  important  that  the  lime  be  free  from  such  sandy  or  clayey  im- 
purities and  other  materials  as  tend  to  clog  the  spray-nozzles.  As 
has  been  suggested  in  discussing  the  chemical  activity  of  magnesia, 
its  presence  in  limes  used  for  making  Bordeaux  mixture  is  not  ob- 
jectionable, unless  its  c^uantity  be  so  great  as  to  result  in  the  presence 
of  undesirably  large  proportions  of  magnesium  sulphate. 

For  the  preparation  of  lime-sulphur  wash,  however,  the  presence 
of  considerable  quantities  of  magnesia  is  objectionable.  For  mag- 
nesia, unlike  lime,  does  not  readily  unite  with  sulphur;  consequently, 
the  liquor  containing  calcium  sulphid  and  sulphite  in  solution,  con- 
tains also  magnesia  and  the  excess  of  uncombined  sulphur  in  sus- 
pension. These  insoluble  matters  settle  slowly  out  as  a  mud  that 
is  easily  brought  again  into  suspension  and  tends  seriously  to  clog 
the  spray-nozzles. 

For  this  reason,  ground  limes  and  hydrated  limes  sold  under  the 
name  "spraying  lime"  are  supposed  to  be  made  only  from  the  pure, 
low-magnesian  limes. 

AIR-SLAKING,  RECARBONATION. 

The  tendency  of  fresh-burned  lime  to  take  up  moisture  and  car- 
bonic acid  from  the  air,  thus  forming  calcium  hydroxid  and  calcium 
carbonate  is  well  known.  The  two  processes,  hydration  and  carbon- 
atition,  proceed,  however,  at  very  different  rates.  Lime  thus  ex- 
posed is  quickly  hydrated  and  slaked,  or  broken  down  into  a  fine 
powder,  but  it  changes  back  to  carbonate  slowly,  unless  it  is  very 
finely  divided  and  exposed  in  a  very  thin  layer,  or  in  isolated  particles, 
to  the  action  of  tlie  air.  This  difference  is  due  in  part  to  the  dif- 
ference in  the  quantities  of  moisture  and  carbon  dioxid  in  the  air, 
this  average  proportion  being  for  water,  one  part  in  100;  for  carbon 
dioxid,  4  parts  in  10,000.  But  even  this  great  difference  does  not 
suffice  satisfactorily  to  explain  the  difference  in  the  rates  at  which 
the  two  chemical  changes  progress. 

When  ordinary  lime-sand  mortar  sets,  it  is  because  the  lime  in  the 
outer  surface  of  the  mortar  is  changed  back  into  carbonate.  The 
lime  in  the  unexposed  portions  remains  chemically  unchanged,  how- 
ever, as  hydroxid.  This  condition  appears  even  in  mortar  taken 
from  buildings  that  were  erected  more  than  a  century  ago. 
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Lime  exposed  in  small  heaps  does  not  quickly  recarbonate,  and  only 
the  surface  layers  are  involved  in  this  change.  Kellner^  exposed  well 
rounded  and  compact,  small  heaps  of  cool  slaked  lime,  under  shelter, 
to  the  freely  moving  air  and  determined  the  carbon  dioxid  in  radial 
sections,  well  mixed,  taken  from  these  heaps  after  four  weeks'  ex- 
posure, and  every  two  weeks  thereafter.  The  slaked  lime  contained 
0.9  per  cent,  of  carbon  dioxid  to  start  with.  At  the  end  of  eight 
weeks,  it  contained  only  1.9  per  cent.,  corresponding  to  a  recar- 
bonating  of  only  3  per  cent,  of  the  lime;  and  this  quantity  did  not 
thereafter  increase. 

The  writer  has  examined  samples  said  to  be  representative  of  the 
lime  four  inches  from  the  surface  of  a  large  lime  heap  over  ten  years 
old,  and  found  not  more  than  10  per  cent,  of  car'bonates  present. 

It  is  clear,  therefore,  that  exposure  in  small  compact  heaps  will 
not  result  in  the  rapid  conversion,  of  the  lime,  other  than  that  of 
the  immediate  surface,  back  into  carbonate. 

Air-slaking  of  Hydrated  Lime. 

The  data  concerning  the  changes  experienced  by  fine  ground  lime 
and  hydrated  lime  are  few.  Here  the  lime  is  dry,  very  tine  and  usually 
in  moderately  loose  state.  Observations  upon  other  tine,  alkaline 
products  exposed  to  the  air,  separated  therefrom  merely  by  paper  or 
other  thin  fabrics,  shows  that  the  air  can,  under  these  conditions, 
enter  with  surprising  freedom  and  cause  great  changes  in  the  ma- 
terial. 

The  sole  observations  in  the  writer's  possession  upon  such  changes 
in  hydrated  lime,  were  communicated  by  the  chemist  of  one  of  the 
larger  lime  manufacturing  firms.  From  his  data,  the  following  state- 
ments have  been  computed  of  the  materials  in  a  40-pound  sack  of 
hydrated  lime,  (a)  when  freshly  packed;  (b)  after  one  year;  (c) 
after  two  years: 


Fresb. 

One  Tear 

Two  Years 

Old. 

Old. 

Pounds. 

Pounds. 

Pounds. 

40.00 

41.42 

43.17 

S7.00 

34.41 

31.73 

Trace. 

3.50 

7.09 

o.oo 

.51 

1.35 

3.00 

3.0O 

3.0O 

28.00 

28.00 

28.00 

100. 00 

96.57 

92.66 

100.00 

100.00 

lOO.OO 

The  magnesia  in  this  particular  product  is  so  low  as  to  be  incon- 
siderable for  the  purposes  of  the  calculation.  There  was  a  distinct 
gain  in  the  weight  of  the  sacked  product,  due  to  the  taking  up  of 
the  carbon  dioxid.    By  the  end  of  the  first  year,  7  per  cent,  of  the 


1  Sachs,  landw.  Zeitschr.,  1898,  106;  Jahresber.  Agrik.-Chem.,  1898,  105. 
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hydrated  lime  had  changed  to  the  carbonate;  by  the  end  of  the 
second  year,  14  per  cent.  The  change  in  combination  of  the  lime 
progresses  quite  slowly,  therefore,  in  these  goods  also.  The  total 
amount  of  effective  lime  has  not  changed;  although,  because  the 
packages  have  gained  in  weight  by  the  absorption  of  carbon  di-oxid, 
the  proportion  of  effective  lime  in  a  unit  weight  of  the  older  pro'- 
ducts  has  somewhat  decreased.  In  other  words,  while  the  change  de- 
creases the  value  of  the  lime  for  uses  for  which  the  carbonate  is  not 
effective,  for  use  as  a  soil  amendment,  the  sackful  of  older  lime  is 
probably  just  as  valuable  as  it  was  when  fresh. 

COMPOSITION  OF  OYSTER  AND  CLAM  SHELLS. 

Molluscan  shells,  especially  those  of  the  oyster  and  clam,  have  been 
largely  used  for  soil  amendment  in  localities  not  too  remote  from 
the  source  of  these  supplies.  The  composition  of  the  pure  shell 
differs  considerably  from  that  of  the  broken,  commercial  product, 
owing  to  the  doubtless  accidental  inclusion  of  sand  or  other  earthy 
impurities  in  the  latter.  Below  are  given  four  analyses  of  com- 
mercial oyster  shells  (Baltimore)  ;  two  made  by  H.  D.  Edmiston, 
under  the  writer's  direction  in  the  laboratory  of  the  Pennsylvania 
Agricultural  Experiment  Station;  two  by  J.  E.  Laughlin^;  also,  one 
of  clam  shells  by  G.  C.  Church^;  and  finally  for  comparison,  an 
analysis  of  fresh  burned  oyster  shell  lime  by  H.  M.  McDonnelP: — 


Acid  insoluble,  (sand,  etc. 
Iron  and  aluminum  o.-iids, 

Calcium  carbonate  

Magnesium  carbonate, 
Pliosphorie  acid   (P2O5),  •• 
Undetermined  


Oyster  Shells. 


1 

2 

3 

Clam 

Shells. 

6.93 

1.15 

1.12 

.27 

1.75 

1.00 

l.Sl 

2.08 

89.53 

94.75 

92.94 

91.88 

.46 

.46 

.10 

.24 

Trace. 

1.27 

3.00 

4.09 

H.31 

lOO.Of' 

109.00 

100. 0» 

100.00 

'Includes  0.25  per  cent,  sulphuric  acid  (SO,i). 


Oyster 
Shell 

Lime. 
Per  cent. 


Acid  insoluble,   (sand,  etc.)   1.54 

Iron  and  aluminum  oxids   2.02 

Calcium  oxid   73.23 

Calcium   carbonate,    22.57 

Magnesium  oxia,    .40 

Phosphoric  acid    (P2O3)   Trace. 

Sulphuric  acid  (SOs)   .20 

fl9.95 


'Maryland  Agr.  Expt.  Station,  Bulletin  66,  p.  111. 
^Maryland  Agr.  College  Quarterly,  Nov.  10,  1900,  pp.  5-6. 
'11. 
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The  quantities  of  organic  matter  in  the  fresh  and  weathered  shells 
vary  considerably.  The  nitrogen  is  low.  Shutt^  reports  .18  per  cent, 
of  this  element  in  broken  oyster  shells,  fairly  pure,  from  Halifax, 
H.  J.  Wheeler^  however,  observes  that  these  shells  often  contain 
nearly  0.5  per  cent,  of  nitrogen,  and  believes  both  the  nitrogen  and 
phosphoric  acid  contained  are  to  be  considefed  as  capable  of  de- 
termining small  gains  in  crop  growth,  when  the  shells  are  used 
for  soil  amendment. 

COMPARATIVE  VALUES  OF  ALKALINE  LIMESTONE  PRODUCTS  FOR 

SOIL  AMENDMENT. 

At  this  point,  it  may  be  well  to  gather  into  complete  form,  the 
facts  already  presented  relating  to  the  equivalent  weights  of  the 
several  more  important  limestone  products  required  to  perform  the 
same  work  of  neutralization  of  soil  acidity.  The  measure  will  be 
expressed  upon  the  assumption  that  the  work  completed,  not  the 
rate  at  which  it  is  accomplished,  is  the  point  of  comparison.  The 
equivalent  quantities  are  shown  in  tabular  form,  the  quantities  of 
the  several  products  named  in  the  first  column,  that  are  required  to 
produce  final  effects  equivalent  to  those  of  100  pounds  each  of  the 
several  products  named  at  the  head  of  the  remaining  columns  re- 
spectively, being  stated  in  these  columns: 


Cm 


Pure    lime  (CaO)  

Dry  pure  slaked  lime  

Pure  calcium  carbonate,'... 

Pure  maguesia  

Pure  magnesium  hydroxid,  . 
Pure  magnesium  carbonate, 
Limestone,   10%  impurities,* 

Corresponding  lime,   

Corresponding   slalted  lime. 


5S 
74 

100 
40 
58 
84 

Ul. 
62. 


82.2 


100 
132.2 
178.6 
71.4 
103.6 
150.0 
198.4 
111.1 
146.7 


75.7 
lOO.O 
135.1 

54.1 

78.4 
113.5 
150.1 

84.1 
111.1 


•Assumed  to  be  mineral. 


The  figures  for  the  impure  limestone  and  its  products  are  quite 
roughly  representative ;  for,  as  a  matter  of  fact,  part  of  the  limestone 
impurities  is  always  driven  off  in  the  burning,  so  that  only  some 
fraction,  different  for  different  limestones,  is  left  behind  to  dilute 
the  lime  and  the  product  of  its  slaking. 

^Report  Canada  Experiment  Farms,  1896  ,  204. 

''Manures  and  Fertilizers,  Macmillan,  New  York,  1913,  p.  279. 
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Fippin^  very  properly  urges  that  the  fineness,  as  well  as  the  purity 
of  the  several  alkaline  limestone  products  should  be  considered  in 
estimating  their  relative  values  for  soil  neutralization.  He  believes, 
upon  the  basis  of  fineness  determinations  which  he  does  not  set  forth, 
that  the  equivalence  for  the  average  products  of  the  several  kinds 
is:  Lump  lime,  50  pounds=Hydrated  lime,  60  pounds=Air-slaked 
lime,  100=Ground  limestones  or  mail  (almost  purely  calcium  car- 
bonate) 250  pounds.  The  average  fineness  used  in  these  computa- 
tions is  not  stated.  Obviously  the  figures  for  crushed  limestone 
should  be  much  less  for  material  ground  very  fine. 

OTHER  LIMESTONE  PRODUCTS . 
The  various  chemical  industries  using  lime,  such  as  magnesia 
works,  gas-works,  tanneries,  wood-acid  works,  paper  mills,  etc., 
usually  have  some  waste  lime  product,  more  or  less  useful  for  soil 
amendment,  if  not  too  greatly  contaminated  with  constituents  in- 
jurious to  the  soil  organisms  or  to  the  crops.  When  pure  lime  pro- 
ducts are  expensive,  these  waste  materials  are  often  worth  con- 
sidering. The  limitations  of  space  prohibit  their  further  mention 
here. 


1.    Cornell  Univ.  Agr.  Expt.  Station,  Circular  No.  7,  p.  12-13. 
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CHAPTER  III.    EELATIONS  OF  LIME  AND  MAGNESIA  TO 

PLANT  LIFE. 


MINERAL  MATTERS  OP  PLANTS. 

When  any  plant,  high  or  low  in  its  complexity,  or  any  part  of 
a  plant,  is  burned,  the  ash,  composed  chiefly  of  the  mineral  matters 
contained  in  the  plant,  is  left  unconsumed.  Whatever  the  plant, 
and  whatever  the  conditions  under  which  it  has  been  grown,  the 
the  mineral  materials  represent  only  a  few  chemical  elements,  if 
matters  present  only  in  traces  are  disregarded.  These  mineral  mat- 
ters chiefly  making  up  the  ash,  are,  strange,  to  say,  all  of  them 
of  elements  having  atomic  weights  near  the  bottom  of  the  weight 
scale;  that  is,  however,  equivalent  to  saying  that  they  comprise 
only  the  more  abundant  and  widely  distributed  elements.  In  the 
case  of  the  higher  organisms,  these  mineral  materials  are,  under 
normal  conditions  of  plant  growth,  taken  up  exclusively  by  the  roots 
from  the  soil.  In  the  case,  however,  of  water  plants  and  of  the 
simpler,  lower  plant  organisms,  the  whole  plant  surface  is  more 
or  less  active  in  the  work  of  absorbing  the  mineral  food. 

Though  plants  are  so  much  alike  in  the  kinds  of  mineral  sub- 
stances they  take  up  from  the  soil,  each  plant  species  diff'ers  some- 
what from  every  other  in  the  total  amount  and  in  the  relative 
proportions  in  which  these  ash  constitutents  are  stored  up.  In  these 
differences,  there  are  greater  divergences  between  members  of  dif- 
ferent plant  families  than  appear  between  closely  related  species. 
The  following  table,  compiled  b.v  Johnson,^  well  illustrates  the  dif- 
ferences in  ash  composition  between  the  more  common  agricultural 
crop  plants: 


COMPOSITION  OF  ASHES  FROM  PRINCIPAL  CLASSES  OF  CROPS. 

(PER  CENT.) 


Potash  and  soda. 

a 

'CD 

s 
s 

Phosphoric  acid. 

Silica. 

I  Sulphuric  acid. 

Chlorin. 

Cereals : 

30 

12 

3 

46 

2 

2.5 

1 

Ut-2Y 

3 

7 

5 

50-70 

2.5 

3 

Legumes: 

44 

7 

5 

35 

1 

4.0 

2 

27-41 

7 

25-39 

S 

5 

2-  6.0' 

6-  7 

Eoot  Crops: 

60 

3-9 

6-12 

S-18 

1-4 

5-12 

2-9 

37 

3-16 

10-3? 

3-8 

3 

6-13 

5-17 

Grasses: 

33 

4 

8 

8 

35 

4 

5 

^How  Crops  Grow,  1890,  p.  171 
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These  figures  show  that  the  straw  is,  weight  for  weight  of  its 
ash,  richer  in  lime  than  the  grain;  the  root  crop  tops  richer  than 
the  underground  parts;  and  that  the  straw  of  legumes,  such  as  red 
clover,  alfalfa,  peas  and  beans,  is  richer  in  lime  than  that  of  cereals; 
also,  that  magnesia  is  far  more  abundant  than  lime  in  the  grains 
of  cereals,  and  somewhat  exceeds  it  in  those  of  legumes;  but  that 
in  the  stems  and  leafy  parts,  and  also  in  the  roots  of  root  crops, 
the  lime  far  surpasses  the  magnesia  in  quantity.  No  other  contrast 
is,  however  so  great  as  that  between  the  amount  of  silica  in  the 
straw  of  cereals  and  those  in  the  grains  in  general  and  in  the  leafy 
parts  and  roots  of  other  crops,  notwithstanding  the  fact  that  the 
roots  of  wheat  and  clover,  and  of  the  oats  and  vetch,  grow  closely 
intermingled  in  the  same  soil. 

Not  only  do  the  different  organs  of  the  plant,  such  as  the  grain 
and  the  straw,  exhibit  marked  contrasts  in  composition,  but  even 
different  tissues  of  the  same  organ  display  contrasts  fully  as  marked. 
Thus  Konig^  gives  the  following  percentages  of  calcium  and  mag- 
nesium oxids  respectively  in  the  several  parts  of  wheat  grain  sepa- 
rated by  the  milling  process: 


Calcium 
Oxld. 

Magnesium 
Oxid. 

Per  cent. 

7.48 
6.S2 
2.97 

Per  cent. 

7.70 
11.22 
16.95 

ESSENTIALITY  OF  LIME  TO  PLANT  GROWTH. 

Many  series  of  experiments,  chiefly  by  the  methods  of  water  culture 
and  sand  culture,  have  been  made  to  determine  whether  or  not  the 
several  mineral  elements  found  in  plant  ash  are  essential  to  the 
growth  of  the  plant.  The  general  agreement  from  these  experiments 
is  that,  for  higher  plants,  potassium,  calcium,  magnesium,  iron,  phos- 
phorus and  sulphur  are  essential.  The  other  ash  elements,  not  in- 
cluding those  derived  from  the  atmosphere,  may  and  doubtless  are, 
in  many  cases,  useful,  but  are  not  clearly  essential  for  these  higher 
organisms. 

When,  however,  we  consider  the  elements  essential  for  the  nutrition 
of  plant  organisms  very  low  in  the  scale  of  life,  calcium  seems  not 
to  be  essential.  Thus  the  researches  of  A.  Mayer  and  Cohn  show 
that  beer-yeast  can  grow  and  fully  perform  all  its  functions  in  the 
absence  of  lime;  whereas,  magnesia  is  necessary. 


'Die  mensdilichen  Nahrung.s-und  Genussraitteln,  2d  Ed.,  1883,  p.  383. 
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From  analyses  of  bacteria,  yeasts,  molds  and  mushrooms,  as  they 
occur  in  nature,  it  is  clear  that  lime  and  magnesia  are  usually  pres- 
ent in  these  organisms,  whether  these  constituents  are  essential  or 
not. 

ABSORPTION  AND  ASSIMILATION  OF  MINERAL  FOODS  BY  PLANTS. 

The  manner  in  which  plants  take  up  their  mineral  foods,  and  the 
mechanism  of  the  process,  have  occupied  the  attention  of  agricultural 
chemists  for  a  century,  without  a  complete  understanding  of  all 
their  details  having  been  gained.  The  present  knowledge  will  here 
be  very  briefly  outlined  as  essential  to  certain  points  of  later  discus- 
sion. The  organs  useful  for  the  purpose  in  the  case  of  the  more 
highly  organized  land  plants,  are  the  roots,  the  young,  very  thin- 
walled  tips  and  root  hairs  alone  being  active  in  food  getting.  The 
mineral  matters  enter  the  plant  only  in  a  state  of  solution  either 
as  ions  or  as  undecomposed  molecules.  The  soil  moisture  forms, 
under  soil  conditions  most  favorable  to  growth,  only  a  very  dilute 
solution;  yet,  by  the  methods  of  water  culture,  plants  have  grown 
thriftily  in  a  well-water— a  solution  equally,  if  not  more  dilute. 

De  Saussure,  one  of  the  earliest  agricultural  chemists,  suggested 
that,  since  plants  took  up  their  water  supply  also  through  their  roots, 
and  were  constantly  taking  up  additions  of  water  to  replace  that 
evaporated  through  their  leaf  surfaces,  the  mineral  matters  were 
taken  up  at  the  same  time  and,  failing  of  evaporation,  remained  in 
the  plant  for  its  uses.    This  theory  did  not  account  for  the  differ- 
ences in  the  ash  of  wheat  and  red  clover,  for  example,  growing  with 
inter-mingled  roots  in  the  same  soil;  nor  for  the  fact  that  the  sev- 
eral constituents  appear  in  the  plant  in  proportions  to  one  another 
different  from  the  proportions  shoAvn  in  the  soil  moisture;  nor  for 
the  fact  that,  not  infrequently,  the  dissolved  mineral  is  taken  up 
from  the  soil  more  rapidly,  as  compared  with  water,  than  its 
proportion  in  the  soil  moisture  would  lead  us  to  expect.    If  a  wide 
tube  closed  at  the  lower  end  with  a  tightly  stretched  membrane, 
such  as  a  piece  of  pig's  bladder  or  of  parchment  paper,  be  filled  with 
distilled  water  and  its  lower  portion  be  introduced  into  a  solution 
of  common  salt,  it  will  be  found,  after  a  time,  that  some  of  the 
salt  has  passed  through  the  semi-permeable  membrane  into  the  in- 
terior of  the  tube.    This  movement  of  the  salt  continues  until  the 
salt  solutions  on  opposite  sides  of  the  membrane  are  of  equal  con- 
centration.   In  case  a  mixture  of  salts  in  unequal  proportion  were 
present  in  the  original  outer  solution,  each  salt  would  tend  to  press 
through  the  membrane  until  the  concentration  with  respect  to  each 
was  the  same  both  inside  and  outside  the  tube.    The  rate  at  which 
a  given  salt  can  pass  a  membrane,  varies  with  the  kind  of  membrane. 
The  relative  rates  at  which  two  salts  can  pass,  differ  also  with  the 
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kind  of  membrane.  The  process  by  which  substances  thus  pass 
through  membranes  is  called  osmosis.  Once  equilibrium,  that  is, 
equality  of  concentration,  is  reached  on  the  opposite  sides  of  the 
membrane  and  osmosis  has  thus  ceased,  it  may  again  be  set  up  with 
respect  to  a  particular  salt,  by  any  change  which  either  decreases 
or  increases  the  concentration  of  that  salt  in  the  solution  on  either 
side  of  the  membrane. 

It  is  believed  that  most,  if  not  all  mineral  substances  are  taken  up 
through  such  osmotic  action  in  the  cell-walls  of  the  root-tips  and 
root  hairs.  If  the  plant  assimilates,  that  is,  converts  into  some  other 
plant  product,  part  of  any  mineral  substance  taken  up  b3'  the  root, 
more  can  enter  from  the  outside.  Differences  in  selection  of  mineral 
food  by  different  plants  may  be  due  to  a  difference  in  the  quality  of 
the  root-cell  membrane  through  which  the  mineral  matter  enters  from 
the  soil,  or  to  differences  in  the  rate  and  amount  of  assimilation  of 
the  several  mineral  matters  after  they  have  been  taken  up.  We 
have  already  seen  that  the  different  mineral  substances  are  very 
differently  distributed  through  the  several  tissues  of  the  same  plant, 
as  for  example,  in  the  bran-coats  and  the  interior,  flour-  producing 
parts  of  the  wheat  grain.  That  is,  each  kind  of  tissue  has  made 
its  own  draught  upon  the  general  food  supply  taken  up  by  the  roots. 

Upon  the  points  discussed  in  the  last  two  paragraphs,  agricultural 
chemists  are  essentially  agreed;  also  upon  the  further  point,  that 
the  roots  of  plants  in  active  growth  exhale  carbon  dioxid,  and  that 
this  gas,  when  dissolved  in  the  soil  moisture,  very  distinctly  increases 
its  solvent  power  upon  the  minerals  of  the  soil.  There  are,  how- 
ever, two  points  upon  which  agricultural  chemists  differ  very  de- 
cidedly, relative  to  the  manner  in  which  the  minerals  of  the  soil  are 
utilized  by  plants.  One  of  these  points  relates  to  the  question 
whether  plants  depend  upon  the  general  solvent  action  of  the  soil 
moisture  and  are  limited  in  their  food  consumption  by  the  concen- 
tration and  composition  of  the  general  soil  solution ;  or,  on  the  other 
hand,  are  themselves  capable  of  a  localized  action,  differing  in  in- 
tensity of  solvent  effect,  if  not  in  the  kind  of  material  dissolved,  from 
that  exhibited  by  the  soil  moisture  in  general.  The  second  point  of 
difference  in  judgment  is  closely  related  to  the  foregoing,  and  con- 
cerns the  question  whether  plant  roots  do  not  effect  mineral  solutions 
by  aid  of  some  material,  other  than  carbonic  acid,  either  thrown  out 
from  the  root's  surface  or  secreted  in  the  thin  membranes  lying  in 
the  most  intimate  contact  with  the  soil  particles,  and  capable  of 
exercising  a  more  vigorous  solvent  action  than  the  carbonic  acid. 

With  respect  to  these  questions  the  evidence,  in  the  writer's 
judgment,  favors  the  view  that  a  relatively  intense  solvent  action 
in  the  neighborhood  of  the  plant  root  supplements  the  plant  food 
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supply  gained  by  the  action  of  soil  moisture  upon  minerals  relatively 
remote  from  the  plant;  but  that  we  are  not  warranted  by  facts  now 
known,  in  asserting  positively  that  plant  roots  excrete  organic  acids^ 
to  aid  in  the  solution  of  soil  minerals,  even  though  some  of  the 
facts  of  plant  food  consumption  are  difficult  of  explanation  by  what 
is  now  known  concerning  the  solvent  powers  of  carbon  dioxid  in 
water  or  in  dilute  salt  solutions. 

NITROGEN  AND  ASH  CONSTITUENTS  IN  COMMON  CROPS. 

The  amounts'  (pounds  to  the  acre)  of  lime  and  magnesia,  as  well 
as  of  the  other  constitutelits  usually  taken  by  the  plants  from  the 
soil,  are  stated  in  the  following  table.  The  crop  yields  used  in  the 
computation  are  somewhat  above  the  general  average,  but  far  below 
the  maximum.  In  the  case  of  the  corn  stover,  the  weight  represents 
the  cured  stover,  rather  than  the  M^eight  in  the  shock. 
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LOSS  OF  MINERAL  MATTER  FROM  PLANTS. 

It  is  now  known  that  plants  do  not  hold  on  to  all  the  mineral  ma- 
terials they  take  up.  Not  only  do  the  lower  leaves  die,  drop  off,  and 
decay  during  the  growth  of  plants  of  many  kinds,  but  the  rain  dis- 
solves and  removes  from  leaves  and  tops,  considerable  proportions 
of  the  same  of  the  mineral  elements,  including  lime  and  magnesia. 
It  is  possible  that  the  roots  lose  ash  constituents  under  certain  con- 
ditions in  like  manner.  The  figures  given  in  the  foregoing  tables 
show  only  the  mineral  matters  and  nitrogen  contained  in  the  plant 
tops;  not  the  amount  held  in  the  roots,  nor  the  whole  amount  of 
those  taken  up  by  the  plant,  in  one  way  or  another,  during  growth. 

CONDITIONS  OF  LIME  AND  MAGNESIA  IN  THE  PLANT. 

By  various  means,  it  is  now  known  that  both  lime  and  magnesia 
exist  in  the  plant  chiefly  in  combination  with  organic  substances 
that  unite  with  them  like  acids,  and  that  only  in  small  part  are 
these  constituents  held  in  such  compounds  as  occur  in  the  mineral 
kingdom. 

FUNCTIONS  OF  LIME  AND  MAGNESIA  IN  PLANTS. 

It  is  difficult  to  discover  the  character  of  the  duty  performed  by 
an)-  of  the  ash  constituents  in  the  plant.  A  disturbance  of  the  life 
balance  in  any  wuy  produces  a  great  variety  of  effects,  many  of  them 
undoubtedly  the  consequence  of  others,  so  that  to  ascertain  exactly 
the  cause  of  each  abnormality  has  thus  far  proven  impossible. 
Among  the  uses  suggested  by  various  investigators  are:  (a)  The 
forming  of  neutral  or  acid  salts  with  organic  acids  when  the  latter 
are  secreted  in  excess;  (b)  Union  with  the  nitrogenous  compounds 
of  the  cell  nuclei,  so  as  to  influence  growth  and  reproduction;  (c) 
Aiding,  in  some  undetermined  way,  in  the  formation  of  cellulose; 
(d)  and  in  the  formation  of  related  sugars,  starches  and  similar 
substances;  (e)  Forming  an  essential  part  of  chlorophyll  and  af- 
fecting the  activity  of  the  chloroplasts  or  porous  bodies  in  which 
this  green  coloring  matter  is  secreted;  (f)  Aiding  in  the  upbuilding 
of  complex  nitrogenous  compounds  from  such  simple  substances  as 
the  nitrates;  (g)  Acting  protectively  to  balance  the  effect  of  an  ex- 
cess of  one  as  compared  with  other  plant  ash  constituents. 

INFLUENCE  OF  LIME  UPON  PLANT  FORM, 
E.  Heinrich^  notes  that  lime  has  a  marked  influence  upon  the 
external  form  of  vegetation;  when  lime  is  abundant  in  the  soil,  the 
internodes    between    the    leaf    axils    are    shorter    and  thicker, 
the  plants  set  more  abundant  and  vigorous  stalk  organs  and  tend  to 


'Mergel  u.  Mergeln,  1896,  p.  6. 
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hea^■ier  fruiting;  whereas,  upon  soils  deficient  in  lime,  plants  shoot  up 
in  slim  stalks  and,  though  often  blooming  abundantly,  set  fruit  de- 
ficiently. 

Hilgard,^  who  has  given  much  attention  to  this  subject,  observes 
that  on  many  strongly  calcareous  soils  the  growth  of  all  trees,  as 
well  as  of  shrubs  and  many  herbaceous  plants,  is  of  a  more  sturdy 
and  thick-set  habit  than  that  of  the  same  species  grown  on  thin, 
sandy,  or  generally  on  non-calcareous  land.  The  low-branching  of 
deciduous  trees  on  the  arid  soils,  is  likewise  associated  with  a  strong 
calcareous  quality  of  the  soils.  The  coniferous  trees,  on  the  other 
hand,  such  as  the  red-w^ood,  Eastern  cedar,  and  juniper,  tend  to  ex- 
ceptional tallness  of  growth  upon  calcareous  soils.  Mere  stunting 
or  stubbiness  of  tree  growth  this  author  regards  as  due  rather  to 
bad  physical  qualities  of  the  soil,  than  to  its  plant  food  deficiencies.  ^ 

Hilgard  also  makes  the  observation  that  abundance  of  lime  in 
the  soli  promotes  fruitfulness,  as  distinguished  from  enlargement  of 
the  parent  plant,  in  the  case  of  both  trees  and  herbaceous  plants, 
such  as  cotton.  J.  KessiP  however,  studying  its  effects  upon  oats, 
straw  and  grasses,  observed  that  calcium  tends  to  increase  the  size 
of  plant  cells  and  to  cause  the  development  of  thin  cell  walls,  acting, 
in  these  respects,  like  nitrogen,  but  in  less  degree  and  without 
causing  lodging  of  the  straw,  because  the  plants  were  short,  whereas 
those  fed  nitrogen  were  tall.  When  the  plant  food  contained  these 
elements  with  potassium  and  phosphorus  in  suitable  proportions, 
the  stems  grew  tall,  but  had  sufiScient  thickness  of  cell-wall  to  gain 
the  necessary  strength,  .       T  ^. 

LIME-LOVING  PLANTS. 
Botanists  long  ago  observed  that  some  species  of  plants  thrive  on 
lime-rich  soils,  w^hile  others  flourish  on  soils  poor  in  calcium  car- 
bonate. It  is  now  believed  that  the  distinction  between  groups  of 
plants  is  better  suggested  by  the  names  "acid-resistant"  and  "acid- 
sensitive"  plants.  Mention  of  their  behavior  -ndll  be  made  in  con- 
nection with  the  discussion  of  soil  acidity  in  a  later  chapter. 

PLANT  DISEASE  CAUSED  BY  AN  EXCESS  OF  CALCIUM  CARBONATE. 

In  view  of  the  numerous  statements  made  by  some  scientific  au- 
thorities and  by  numerous  popular  writers,  to  the  effect  that  un- 
limited additions  of  calcium  carbonate  can  be  made  to  the  soil 
without  injury  to  it  or  to  the  crops  it  bears,  it  seems  desirable  to 
show  that  there  is,  after  all,  some  possibility  of  plants  suffering  from 
the  presence  of  this  constituent  beyond  certain  limits;  even  though 

^Soils,  pp.  .502,  501,  516-517.  ' 
=Rev.  Sci.  (P&ris)  48  (1910),  II,  438-439. 
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there  is  little  danger,  for  economic  reasons,  of  soon  reaching  the 
danger  point  by  such  applications  of  ground  limestone  as  are  likely 
to  be  used  for  amending  sour  soils. 

Grapes  growing  upon  certain  limestone  soils  (of  Triassic  origin) 
in  France  often  suffer  from  chlorosis,  a  white  spotting  of  the  leaf, 
associated  with  great  depression  in  the  vigor  of  the  plant.  Accord- 
ing to  Bernard,^  the  chlorotic  leaves  possess  abundant  crystals  of 
calcium  oxalate,  but  despite  the  removal  thus  indicated  of  excessive 
lime  from  the  sap,  the  latter  is  neutral  or  alkaline,  instead  of  nor- 
mally acid.  In  other  words,  the  disease  is  due  to  excessive  alkalinity 
produced  by  the  over-absorption  of  lime  from  calcareous  soils.  Some 
of  these  French  soils  upon  which  grapes  become  chlorotic,  contain 
as  little  as  10  per  cent,  of  calcium  carbonate  in  the  fine  earth ;  some, 
more  than  45  per  cent.^ 

Other  plants  also  than  the  grape  become  chlorotic  under  like  in- 
fluences. G.  Rivieri  and  G.  Bailhache^^  observe  that  excess  of  calcium 
carbonate  in  the  soil  is  attended  by  chlorosis  of  pears  grown  upon 
quince-stocks,  and  that  a  chlorotic  appearance  occurred  when  no 
more  than  4  per  cent,  of  the  carbonate  was  present;  that  the  attack 
was  conspicuous  with  17  per  cent,  of  the  carbonate,  and  with  28 
per  cent,  death  ensued.  C.  F.  Juritz*  reports  the  occurrence  of 
chlorosis  in  orchards  near  Bloemfontein  where  the  soil  is  rich,  but 
rests  upon  a  marly  sub-soil,  and  thus  gives  excess  of  calcium  car- 
bonate. "Oat  sickness"  is  reported  by  J.  Hudig''  as  occurring  at 
Drenthe  and  Groningen  on  sandy  clays  and  moor  lands  that  have 
been  continuously  limed  and  dressed  with  active  fertilizers.  The 
same  investigator,  with  B.  Sjollema,^  reports  upon  this  oat  disease 
and  similar  injury  to  rye  and  potatoes,  apparently  due  to  over-ap- 
plication of  lime,  etc.  H.  Zimmerman^  notes  the  occurrence  of  a 
like  oat  disease  in  the  vicinity  of  Mecklenburg,  which  he  thinks  is 
due  to  the  over-liming  of  the  light  soUs  of  the  region.  The  same  in- 
injury  is  discussed  by  K.  Stromer  and  E.  Kleine,«  and  attributed 
likewise.  P.  L.  Gile^  and  E.  V.  Wilcox  Avith  W.  P.  Kelley^"  have  ob- 
served chlorosis  in  the  pineapple  when  grown  on  highly  calcareous 
soils.  Wilcox  states  that,  in  the  diseased  leaves,  calcium  oxalate  is 
more  abundant  than  ordinary;  and,  in  their  ash,  the  lime  is  excessive; 

*Le  Calcaire,  1892.  ~  '   

^A.  Verneuil  and  R.  Lafond:  Revue  Vitieole,  36  (1911)  321-326 
'Progr.  Agr.  et  Vit,  (Ed.  rEst-Centre)  31  (1910)  453-4 
*Agr.  Journ.  Union,  So.  Africa,  4  (1912)  854-865 
"Landw.  Jahrb.,  40  (1911)  613-644. 
j^^^li'sMg^^gl-'^iiclbouwk.    Onderzoek.    Rijslandbouwproefstat    (Netherlands),  1909, 

"Mitth.  Deutsch.  Landw.  Gesellscb.,  26  (1911)  245-246 
'Illustr.   Landw.    Zeitung,  32  (1912)  1887-1888. 
"Porto  Rico  Station,  Bulletin  11. 
"Hawaii  Station,  Bulletin  28. 
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the  phosphoric  acid  and  magnesia,  deficient.  P.  Maze,  Euot  and 
Demoigne^  observed  that  the  addition  of  0.2  per  cent,  of  calcium  car- 
bonate to  a  water  culture  in  which  Vicia  nar'bonncnsis  was  flourish- 
ing, caused  chlorosis;  also  that  the  loliite  lupine  and  the  vetch  be- 
came chlorotic  in  the  presence  of  an  excess  of  calcium  carbonate 
to  which  corn  was  resistant;  but  Maze^  caused  chlorosis  of  corn  by 
keeping  the  excess  of  lime  carbonate,  but  diminishing  the  iron  and 
sulphuric  acid  in  the  nutrient  solution.  The  writer  has  repeatedly 
observed  that  the  leaves  of  corn  grown  on  those  plats  of  the  Gen- 
eral Fertilizer  Series  of  the  Pennsylvania  Agricultural  Experiment 
Station,  that  have  been  dressed  with  lime  alone,  every  four  years 
for  many  seasons,  have  long  ribbons  of  red  color  mid-way  between 
the  mid-rib  and  edge  of  the  leaves — an  abnormal  coloration,  due  ap- 
parently to  a  local  deficiency  of  chlorophyll  that  appears  in  the 
plants  of  no  other  plats. 

E.  W.  Hilgard,=*  reports  chloi'osis  of  orange  and  lemon  trees  grow- 
ing upon  lands  having  a  calcareous  subsoil. 

1  Comptes  rendus . ,  155  (1912)  435-437 . 

^  Comptes  rendus . ,  153  (1911) ,  902-905 .  ; ,    \;     .  ■  ■ 

=Galif.  Exp.  Station,  Circular  No.  27. 
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CHAPTEE  IV.    LIME  AND  MAGNESIA  IN  ROCKS  AND  SOILS. 


SOIL  FORMATION. 

Soils  are  the  products  of  the  downwear  and  chemical  change  of 
the  rockj^  surface  of  the  globe  through  the  action  of  various  me- 
chanical, chemical  and  biological  agencies, — the  grinding  glaciers, 
running  rivers,  winds,  rain,  heat  and  cold,  attack  of  atmospheric 
gases,  and  of  plants  and  animals.  Briefly  defined,  "Soil  is  rock 
dust  and  rock  rust  modified  by  the  action  of  plants  and  animals." 

Calcium  and  magnesium  are  present  in  all  classes  of  rocks,  though 
occasional  instances  occur  among  quartzites,  peridotites,  chlorites, 
cherts  and  sandstones,  in  which  one  or  both  of  these  elements  are 
present  only  in  traces.  On  the  other  hand,  there  are  few  rock 
groups,  other  than  the  most  siliceous,  in  which  instances  fail  to  oc- 
cur of  the  presence  of  one  or  both  of  these  elements  to  the  amount 
of  5  per  cent,  or  upward.  However,  nearly  all  rocks  are  capable, 
when  broken  down,  of  yielding  more  or  less  lime  and  magnesia  to 
the  resulting  soil. 

For  present  purposes,  detailed  consideration  of  soil  formation  from 
parent  rocks  is  not  required.  In  its  major  outlines,  the  process  as 
set  forth  by  Clarke,^  may  be  briefly  sketched: 

All  abundant  minerals  are  attacked  by  water  and  carbonic  acid, 
though  some  are  readily  attacked,  such  as  pyroxenes  and  amphiboles ; 
wliile  others,  such  as  quartz,  zircon  and  corundum  are  but  slightly 
affected.  The  water  first  dissolves  partially  the  more  soluble  min- 
erals, setting  free  colloidal  (gelatinous)  silica,  and  forming  car- 
bonates of  lime,  magnesia  and  alkali.  The  iron  carbonate  is  quickly 
oxidized,  yielding  hydrate.  The  other  carbonates,  together  with  much 
silica,  are  largely  carried  away  in  the  drainage. 

The  second  efl:ect  is  a  hydration  of  the  undissolved  residue,  usually 
accompanied  by  increase  in  volume.  The  feldspar  forms  kaolin;  the 
magnesian  minerals,  talc  or  serpentine;  the  iron,  limonite;  but  the 
quartz  is  little  affected.  Hydrated  rocks  may  remain  solid,  but 
crumble  more  rapidly  on  exposed  surfaces. 

These  changes  are  rarely  complete.  The  particles  of  different  size 
sorted  by  the  action  of  running  water,  show,  especially  the  sands 
and  gravels,  mixtures  of  greatly  and  of  slightly  decomposed  ma- 
terials. To  this  very  gen.eral  description,  this  may  be  added :  When 
the  carbon  dioxid  in  the  rain  water  is  the  dissolving  agent,  it  forms 


'The  Data  of  Geochemistry,  (1901)  405-407. 
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with  the  lime  and  magnesia,  previously  combined  with  silica,  or  m 
the  case  of  limestone,  as  carbonate,  the  highly  soluble  acid  carbonat-s 
of  these  elements.  As  soon,  however,  as  the  partial  pressure  of  th- 
carbon  dioxid  in  the  surrounding  air  falls  below  that  at  which  this 
gas  was  dissolved,  it  tends,  despite  its  possible  combination  with  the 
lime  or  magnesia,  to  escape  back  into  the  air;  whereupon,  most  of  the 
lime  and  magnesia  are  thrown  out  of  solution  as  the  simple  or  normal 
carbonate  of  lime  and,  probably,  the  basic  carbonate  of  magnesia. 
Many  well  waters  in  limestone  regions  show  this  separation  when 
boiled,  the  carbonates  of  lime  and  magnesia  being  thrown  down, 
often  in  large  amounts,  as  a  white  precipitate  as  soon  as  the  boiling 
sets  the  carbon  dioxid  free.  Sometimes  the  carbon  dioxid  in  under- 
ground water  is  present  under  high  pressure.  These  waters  have 
high  solvent  powers;  but  the  carbon  dioxid  escapes  very  rapidly, 
once  the  water  comes  into  contact  with  the  air;  hence  large  beds  of 
fine  carbonate  are  sometimes  deposited  where  these  underground 
waters  gush  forth. 

The  same  chemical  changes  that  occur  in  the  conversion  of  rock 
to  soil,  continue  in  the  soil;  so  that  it  is  never  entirely  fixed  in 
its  composition. 

It  is  easy  to  see,  from  these  facts,  that  the  composition  of  a  soil 
depends  not  simply  upon  that  of  the  parent  rock,  but  also  very  largely 
upon  the  length  of  time  during  which  the  weathering  agencies  have 
been  at  work  upon  it.  The  lime  or  magnesia  content  of  a  soil  can- 
not be  satisfactorily  judged,  therefore,  from  a  knowledge  of  the  kind 
of  rock  from  which  it  is  formed.  Even  limestone  containing  but 
a  small  percentage  of  earthy  impurities,  often  forms  a  soil  composed 
almost  exclusively  of  these  impurities  with  very  small  quantities  of 
the  original  carbonate  of  lime.  Especially  is  this  true  when  the 
limestone  is  compact  rather  than  porous.  Hence,  the  soil  formed 
from  a  readily  decomposed,  calcareous  shale  may  often  contain  more 
carbonate  of  lime  than  the  soil  formed  from  a  compact  limestone, 
despite  the  much  greater  lime-richness  of  the  latter  rock  in  its  un- 
weathered  condition. 

QUANTITIES  OF  LIME  AND  MAGNESIA  IN  SOILS. 
In  ordinary  soil  analyses,  the  treatment  is  not  such  as  to  bring 
into  solution  all  the  calcium  and  magnesium  present,  but  only 
so  much  as  will  dissolve  in  sti'ong,  hot  hydrochloric  acid.  The 
minerals  resistant  to  this  treatment  always  contain  these  two  ele- 
ments in  some  quantity.  It  is  assumed  that  the  elements  present 
in  these  resistant  minerals  are  of  no  present  influence  in  the 
chemistry  of  the  soil,  an  assumption  not  altogether  true. 
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American  Soils. 

A  general  notion  of  the  average  amounts  of  lime  and  magnesia 
present  in  American  soils,  may  be  gained  from  a  compilation  of 
American  soil  analyses  made  in  1909,  by  Prof.  Milton  Whitney/  Chief 
of  the  U.  S.  Bureau  of  Soils,  and  from  Hilgard's  compilation  -.^  The 
figures  from  Whitney's  publication  have  been  summarized  by  the 
writer  so  as  to  include  in  the  humid  region  all  states  east  of  the 
20  inch  annual  rainfall  line;  as  arid,  all  states  west  of  it. 


Whitney: 

Humid  region. 
Arid  region,  . . . 
Entire  country, 

Hilgard; 

Humid  region. 
Arid  region,  .. 
Entire  country. 


Calcium  Oxid. 


No.  of 
Analyses. 


1,069 
668 
1,737 

696 
573 
J,  369 


Per  cent. 


2.033 
1.3« 

.130 
1.430 
.717 


Magnesium  Oxid. 


No.  of 
Analyses. 


782 
614 
1,406 

696 
573 
1,269 


The  two  sets  of  averages  differ  considerably,  partly  because  Hil- 
gard's data  include  relatively  more  sandy  soils.  In  both,  however, 
the  arid  soils  appear  much  richer  than  the  humid  in  lime  and  mag- 
nesia. Whitney's  single  analyses  show  from  0 — 36.09  per  cent,  of 
lime;  and  0 — 16.97  per  cent,  of  magnesia. 

Pennsylvania  Soils. 

Pennsylvania  soils  have,  unfortunately  for  many  purposes,  not  yet 
been  subjected  to  extensive  chemical  study.  The  following  analyses, 
made  in  the  writer's  laboratory,  represent,  however,  samples  care- 
fully taken  from  a  number  of  soil  types  in  the  State. 

*TJ.  S.  Bureau  of  Soils,  Bui.  57,  pp.  65-g-O 
=  Soils.  New  York  1906,  p.  377. 


51 


LIMESTONE  SOILS: 

1.  Hagerstown  Silty  Loam,   Experiment  Station  Farm: 

Soil  

Subsoil,   

2.  Same  locality:    Markle  farm,   

3.  Limestone  clay,  Morrison's  Cove,  Befltord  county  

4.  Hagerstown  loam,  Donegal,  Lancaster  county: 

Surface  

Subsoil  

o.    Conestoga  loam,  Hocky  Spring,  Lancaster  county: 

Surface,   

Subsoil  

OTHER  SOILS: 

Penn.  Series,  Lancaster  county: 
Penn.  Sandy  Loam: 

6.  Mastersonville  (Level  upland)  

7.  Eisser  (Gentle  slope),   

S.    Halderman   (Gentle  slope)  

9.    Olewinder  (Foot  of  steep  slope),   

10.    Burliholder  (Near  top  of  gentle  slope): 

Surface,   

Subsoil,   

Peuu  Loam: 
Cocalico  (Level  field) : 

Surface,   

Subsoil  

Penn  Stony  Loam: 
Cocalico  IVp.    (Sloping  hillside) : 

Surface,   

Subsoil  

Cecil  Clay: 

Washington  Twp.   (From  trap  dyke),   

Hagerstown  Gravelly  Loam: 

14.  Schoeneck,  Lancaster  Co.: 

Surface,   

Subsoil  :  

Hagerstown  Shale  Loam: 

Blanchard,  Pa.,   

Norfolk,   Susquehanna  or  Huntingdon  Series: 
Norfolk  Gravell.y  Loam: 

Alexander,  Marietta:,   

17.    Garber,  N.  of  Marietta  

Norfolk  Silt  Loam: 

15.  Blanchard,    Centre  county  

Norfolk  Type  Undetermined: 
River  Loam: 

19.  PioUet  larm,  Wysox,  Bradford  county: 

Surface  

Subsoil  

20.  Alluvium,  Wilkes-Barre,   

Volusia  Series: 

21.  Glacial  loam,  Snodgrass  Twp.,  Venango  county,   

Sassafras  or  Blsinboro  Series: 

22.  Iron-bearing  clay,   Edgely  (Archaean  Rocks),   

Chester  Series: 
Micaceous  clay,  Haverford,  Delaware  county. 
Upshur  Series: 

Mauch  Chunk  Red  Shale,  Gratz,  Dauphin  county,   

Berks  Series: 

ffi.   Hudson   River   Slate    (Black    Slate)    Hopewell  Twp. 
Cumberland  county,   


11. 


12. 


13. 


15. 


15. 


23. 
24. 


Coarse 
Material. 


Per  cent. 


11.68 
31.68 


50.0 


11.4 
13.2 


18.8 
16.0 


0.5 
6.8 
11.3 
9.0 

13.0 
13.0 


6.4 
16.0 


12.0 


40.0 


Fine  Material. 


Lime. 


Per  cent. 


.365 
.377 
.260 
.280 

.610 
.620 

.410 
.250 


.187 
.347 
.214 
.874 

.339 
.210 


.170 
.370 


.380 
.215 


.830 


1.090 
.680 


.280 


.392 
.150 


.290 


.520 
.370 
.450 

.080 

.220 


.250 
.240 


Magnesia. 


Per  cent. 


The  amount  of  acid-soluble  lime  in  the  limestone  soils  is  not  larger 
than  appears  in  many  other  soils.  The  Lancaster  county  representa- 
tives of  the  Hagerstown  and  the  Conestoga  series,  which  are  lime- 
stone soils,  show  more  lime  than  those  of  Centre  and  Bedford  coun- 
ties. It  is  unsafe,  however,  to  judge  the  composition  of  extensive 
areas  from  samples  representing  so  limited  tracts.  The  quantity  of 
lime  in  the  surface  of  No.  14  may  have  been  influenced  by  liming. 
The  earlier  history  of  this  soil  was  not  obtained.  The  relatively  high 
lime  percentage  in  No.  9  may  be  due  to  the  reception  by  this  soil 
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of  drainage  from  surrounding  higher  lands.  The  sandy  lands  here 
included  show  much  more  lime  and  magnesia  than  the  sandy  lands 
of  the  South  Atlantic  and  Gulf  States,  probably  because  of  limey 
cementing  material  in  the  red  sandstones  of  northern  Lancaster 
county.  Taking  all  the  soils  into  consideration,  the  percentages  of 
lime  and  magnesia  are  comparatively  low. 

So  far  as  these  few  analyses  serve  to  represent  the  soil  types  in- 
cluded, the  composition,  as  respects  lime  and  magnesia  content,  ap- 
pears to  have  been  determined  more  largely  by  weathering  conditions 
and  position  in  relation  to  other  lands,  than  by  present  texture  and 
rock  parentage. 

LIME  AND  MAGNESIA  IN  SANDS  AND  CLAYS.  ' 
F.  H.  King^  compiled  from  the  analyses  of  Southern  soils  pub- 
lished by  Hilgard  in  the  reports  of  the  X  Census,  a  comparative 
statement  of  the  composition  of  ten  typical  sandy  soils  with  that 
of  ten  typical  clays.   His  averages  for  the  two  classes  of  soils  are : 


Sandy 
Soils. 

Clay 
Soils. 

Per  cent. 
.085 
.048 

Per  cent. 

.617 
.456 

That  is  to  say,  the  clays  in  general  were  much  the  richer  in  both 
lime  and  magnesia.  Since  the  clays  consist  chiefly  of  fine  weathered 
particles  usually  carried  off  by  water  currents  to  be  deposited  when 
the  stream  flow  diminishes  in  rate,  it  is  of  interest  to  know  whether, 
as  a  rule,  the  finer  particles  of  all  soils,  as  compared  with  the 
coarser  particles  constituting  the  sand,  carry  more  of  the  lime 
and  magnesia  than  the  latter.  Certainly,  if  the  lime  and  magnesia 
of  the  soil  is  composed  largely  of  carbonate  precipitated  from  soil 
solution  we  should  expect  their  particles  to  be  fine,  rather  than 
coarse. 

DISTRIBUTION  OF  LIME  AND  MAGNESIA  IN  COARSE  AND  FINE  POR- 
TIONS OF  SOILS. 

Upon  this  subject  there  has  been  comparatively  little  investigation. 
The  Hagerstown  silty  loam  of  the  Experiment  Station  holds  but  8.06 
per  cent,  of  clay  in  the  surface  soil,  and  12.29  per  cent,  in  the  subsoil. 
The  composition  of  these  clays  has  been  determined  in  the  writer's 
laboratory,  with  results  as  follows: 


^The  Soil,  New  York,  1895,  p.  85. 
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Surface  Soil, 

Sub-Soil. 

Clay. 

Non-Clay. 

Total. 
Fine  Soil. 

Clay. 

Non-Clay. 

Total. 
Fine  Soil. 

Per  cent. 

.82 
.60 



Per  cent. 

.327 
,504 

Per  cent. 

.365 
.509 

Per  <'ent. 

.84 
.70 

Per  cent 

.312 
.678 

Per  cent. 

.377 
.G79 

That  is,  in  this  soil,  100  pounds  of  the  surface  soil  clay  carries  2  2-3 
times  as  much  lime  as  100  pounds  of  the  non-clay  particles  hold. 
In  the  sub-soil  clay,  the  lime  proportion  is  slightly  greater  than  in 
the  surface  clay.  There  is  much  less  difference  between  the  clays 
and  non-clays  in  their  richness  in  acid-soluble  magnesia. 

G.  H.  Failyer,  J.  G.  Smith  and  H.  R.  Wade  have  made  the  most 
extensive  study  yet  published  upon  this  subject.  Their  method  dif- 
fers from  that  used  in  obtaining  the  foregoing  figures,  in  that  these 
represent  only  the  acid  soluUe  portions  of  the  several  groups  of  soil 
particles,  whereas  Failyer  and  his  associates  determined  the  entire 
amount  of  each  constituent  without  respect  to  its  state  of  solubility. 
Their  data  are  too  extensive  to  be  presented  here.  Their  conclusions 
are : — 

"As  a  general  rule,  the  smaller  particles  of  soils  are  richer  in  po- 
tassium, calcium,  magnesium  and  phosphorus  than  the  coarser  par- 
ticles. 

'■The  concentration  of  these  elements  in  the  finer  components  is 
the  more  pronounced  as  the  soils  have  undergone  more  extreme 
weathering. 

"In  glacial  soils  and  others  resulting  largely  from  mechanical  pro- 
cesses the  coarser  particles  are  relatively  high  in  the  percentages  of 
j>otash,  lime  and  magnesia. 

"The  larger  mechanical  components  contain  these  elements  in  forms 
which  by  protracted  weathering  will  become  more  soluble,  and  they 
will  ultimately  be  concentrated  in  the  finer  components. 

"Calcium  is  often  rather  low  in  clay  soils  resulting  from  the 
weathering  of  hard,  compact  limestones.  It  is  generally  abundant 
in  soil  recently  formed  from  easily  broken  down  limestones.  The 
sands  of  these  latter  soils  may  contain  a  high  percentage  of  calcium, 
probably  as  lime  sand  or  as  coatings  on  other  large  mineral  grains." 

To  these  conclusions  may  be  added  the  observation  that  there  is  ab- 
solutely no  constancy  of  proportion  between  the  lime  and  magnesia 
percentages  in  the  several  groups  of  particles  making  up  any  one 
of  the  soils  upon  which  Failyer  has  reported. 


^Bul.  54,  U.  S.  Bureau  of  Soils. 
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The  facts  above  set  forth  are  important  in  any  careful  study  of 
the  lime  relations  of  a  soil,  particularly  in  view  of  the  fact  that  the 
solubility  of  lime  compounds  increases,  other  things  being  equal,  as 
the  size  of  their  particles  diminishes. 

LIME  AND  MAGNESIA  IN  SOIL  AND  SUB-SOIL. 

Sub-soils  usually  differ  more  or  less  in  composition  from  surface 
soils.  Sometimes  these  differences  are  due  in  part  to  a  difference 
in  the  sources  of  the  sub-soil  and  surface  materials,  as  where  the 
latter  have,  by  the  action  of  wind,  stream  or  glacier,  been  deposited 
upon  the  original  surface,  thereby  transforming  it  into  sub-soil. 
Other  causes  are,  however,  constantly  operating  to  increase  the  differ- 
ences between  surface  and  underlying  soils.  Plants  and  atmosphere 
weather  the  surface  more  than  the  sub-soil.  The  rains  carry  down- 
ward from  the  surface  its  fine  particles.  On  the  other  hand,  evapora- 
tion of  moisture  from  the  surface  is  followed  by  a  rise  of  sub-soil 
waters,  carrying  with  them  dissolved  materials  that  are  concentrated 
in  the  surface,  there  to  remain  for  a  longer  or  shorter  time,  as  cli- 
matic conditions  may  determine.  In  the  arid  regions,  this  upward 
movement  is  highly  important,  because  it  is  almost  continuous.  In 
the  humid  region,  it  sometimes  causes  the  formation  of  undesirable 
crusts,  but  is  usually  neutralized  in  effect  by  the  frequent  rains. 

In  the  discussion  of  diseases  of  plants  due  to  excess  of  carbonate 
of  lime  in  the  soil,  there  were  a  number  of  cases  in  which  the  lime 
richness  of  the  sub-soil  appeared  to  determine  the  injury.  In  many 
ways,  the  composition  of  the  sub-soil  influences  the  agricultural  con- 
dition and  value  of  the  surface.  So  that  any  difference  in  the  lime 
and  magnesia  of  soil  and  sub-soil  content,  deserves  consideration. 
King,  in  his  work  earlier  cited,  presents  the  following  averages : 


Sand. 

Clay. 

Surface. 

Sub-soil. 

Surface. 

Sub-so':l. 

Per  cent. 

.115 
.(W6 

Per  cent. 

.096 
.073 

Per  cent. 

1.761 
.182 

Per  cent. 

1.481 
.240 

From  these  figures,  it  would  appear  that  surface  soil  is  the  richer 
in  lime;  but  that,  in  the  case  of  clays  at  least,  the  sub-soil  is  the 
richer  in  magnesia.  These  averages  cover,  however,  too  small  a  num- 
ber of  cases  to  establish  a  conclusion.  The  Pennsylvania  analyses 
earlier  stated,  show  six  cases,  out  of  nine  for  which  analyses  of 
both  surface  and  sub-soil  are  given,  in  which  the  surface  is  the  richer 
in  lime,  and  seven  in  which  it  is  the  richer  in  magnesia. 
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The  relative  composition  of  soil  and  sub-soil  is  not  always  constant 
over  the  same  area,  as,  indeed,  what  is  generally  known  of  soil  varia- 
rions  might  lead  us  to  expect.  J.  W.  White,  M.  S.,  sampled  thoroughly 
and  analyzed  the  soil  from  six  parallel  strips,  separated  by  8  rod 
wide  intervals,  on  the  Experiment  Station  farm.  He  found  the  sur- 
face the  richer  in  lime  in  three  cases  out  of  six;  in  magnesia,  in  but 
one  case. 

H.  Snyder"  reports  as  the  average  of  72  surface  soil  and  52  sub- 
soil analyses  from  Minnesota  lands: 


_  ■ 

Surface. 

Sub-soil. 

Per  cent. 

1.29 
.61 

Per  cent. 
1.78 
.80 

C.  Karmrodt',  from  analyses  of  13  German  soils,  reports  9  cases  in 
which  the  lime  content  of  the  surface  soil  was  greater  than  that  of 
the  sub-soil,  and  by  5  cases  in  which  the  surface  magnesia  per  cent- 
age  was  the  larger. 

These  illustrations  suffice  to  indicate  that  no  general  rule  governs 
the  distribution  of  these  two  elements  between  surface  and  sub-soil, 
but  that  the  original  nature  of  their  constituent  materials  is  largely 
influential  in  determining  their  present  richness  in  lime  and  mag- 
nesia. 

CONDITION  OF  LIME  AND  MAGNESIA  IN  SOILS . 
The  states  of  chemical  combination  in  which  lime  and  magnesia 
exist  in  the  soil  affect  very  materially  the  activity  of  those  elements 
in  soil  changes  and  their  availability  to  plants.  A  close  study  of 
this  phase  of  soil  composition  is,  however,  rarely  made  in  connection 
with  routine  soil  analyses.  It  will  be  recalled  that,  in  the  parent 
rocks,  the  lime  and  magnesia  are  present,  according  to  the  kind  of 
rock,  as  silicates  or  carbonates;  that,  as  rain  water  and  soil  water 
rich  in  carbon  dioxid,  act  upon  the  rock  minerals,  they  dissolve  these 
two  elements  out  as  acid  carbonates;  and  finally,  that  much  of 
the  dissolved  materials  runs  off  with  the  water,  which,  however,  tends 
to  deposit,  as  normal  carbonates,  a  past  of  its  dissolved  material, 
whenever  the  excess  of  carbon  dioxid  in  solution  escapes  into  the 
air.  Further,  the  mixture  composed  of  fine  rock  particles,  the 
weathered  solids  left  from  the  action  of  rain  water,  and  the  solids 
precipitated  from  the  rain  water,  as  above  mentioned,  are  attacked 
bv  the  higher  and  lower  organisms  living  in  the  soil,  and  in  part  con- 
verted into  organic  compounds,  which  later  decay  with  more  or  less 

'BuL  65,  Minn.  Expt.  Station. 
^Jahresber,   Agrik-Chem . ,   6,  21. 
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rapidity  aud  completeness.  Hence,  any  single  soil  element,  may  at 
any  given  time  after  the  soil  has  formed,  make  up  part  of  each 
of  these  constituents  materials. 

In  the  study  by  J.  W.  White  and  the  writer,  of  the  grass-lands 
adjacent  to  the  General  Fertilizer  Series  of  plats  of  the  Pennsylvania 
Agricultural  Experiment  Station,  a  partial  study  of  the  conditions 
of  the  lime  and  magnesia  was  made,  in  addition  to  that  involved 
in  the  examination  of  the  clay  washed  out  in  making  the  mechanical 
analyses. 

Coarse  particles  exceeding  1-50  inch  in  diameter,  made  up  a  con- 
siderable proportion  of  these  soils,  the  quantity  ranging  from  18.50 — 
40.38;  average,  31.62  per  cent,  of  the  surface;  and  from  43.90 — 60.57; 
average,  55.17  per  cent,  of  the  sub-soil.  Of  this  coarse  material,  a  con- 
siderable part  in  each  case  was  composed  of  fragments  exceeding  1-12 
inch  in  diameter,  constituting  14.68  and  31.68  per  cent,  of  the  soil 
and  sub-soil  respectively.  These  coarse  particles  were  flinty  or 
cherty,  containing  over  90  per  cent,  of  silica,  with  .31  and  .18  per 
cent,  of  lime  and  magnesia  respectively. 

The  fine  soils  showed  the  following  condition  of  the  two  elements : 


Not  decomposed  by  acids,.. 

Requiring  more  than  ten 
hours  heating  with  strong 
acid  for  solution,  but  dis- 
solved in  5  days,   

Dissoh'ed  by  strong  hot 
acid  in  10  hours  

Carbon  dloxid,   

Corresponding  to  calcium  car 

bonate  

Containing  lime  


In  Fine  Soil. 


Lime. 


.120 


.055 
.365 


.540 

.me 


.172 
.097 


.077 

.037 

.377 

.491 

.143 

.322 
.179 


Magnesia. 


1 

Surface. 

Subsoil. 

% 

% 

.187 

.194 

.022 

.017 

.509 

.679 

.718 

.890 

Proportion  ol  the  Elements  in 
Different  Conditions. 


Lime. 


ZJ 

C3 

« 

3 

m 

% 
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15.7 

10.2 

7.5 

67.6 

76.8 

100.0 

100.0 

"is.'o 

IVl.ignesia. 


% 


3.1 
70.1 


100.0 


1.0 
76.3 


100.0 


.  f  -  , Condition  of  Lime. 

That  is,  if  all  of  the  carbon  dioxid  contained  in  the  soil  be  re- 
garded as  there  existing  as  calcium  carbonate,  the  latter  constituent 
cannot  account  for  quite  one-fifth  of  the  lime  in  the  surface  soil,  nor 
quite  two-fifths  of  the  total  present  in  the  sub-soil;  or,  considering 
only  the  lime  soluble  in  acid  acting  10  hours,  which  would  include 
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all  calcium  carbonate,  the  lime  present  as  carbonate  amounts  to 
but  one-fourth  of  that  thus  soluble  from  the  surface  soil,  and  about 
one-half  of  that  from  the  sub-soil. 

In  an  indirect  way,  the  following  crude  approximation  to  the  dis- 
tribution of  the  surface  soil  lime  soluble  in  strong  acid,  has  been 
computed : 


Distribution   of  Lime. 


In   calcium  carbonate,   

Firmly  associated  with  organic  matter. 

In  tri'calcic  phosphate,   

In  calcium  sulphate  

In  calcium  nitrate  

In  calcium  humates,   

lu  calcium  silicates  (by  difference),   

Total  soluble  in  boiling  acid   (10  hours). 


This  is  a  very  crude  approximation,  but  it  serves  to  show,  from 
another  point  of  view,  the  small  proportion  of  active  lime  in  this 
silty  limestone  soil — what  in  this  calculation  foots  up  100  per  cent., 
forming  only  1  pound  out  of  300  pounds  of  the  surface  soil. 

D.  Mayer^  studied  a  considerable  number  of  German  soils,  light 
and  heavy,  with  respect  to  the  proportions  in  which  the  acid-soluble 
lime  was  present  as  calcium  carbonate.  The  total  acid-soluble  lime 
averaged  0.333  per  cent,  in  the  light,  0.694  per  cent,  in  the  heavy  soils; 
of  which,  in  the  light  soils,  one-fifth ;  in  the  heav}^  soils,  a  trifle  more, 
was  present  as  carbonate.  Of  the  total  lime  soluble  in  strong  hot 
acid,  two-thirds  was,  however,  soluble  in  weak  (2  per  cent.)  hydro- 
chloric acid,  from  the  light  soils,  a  little  over  three-fourths  from  the 
heavy  soils ;  very  little  of  the  lime  was,  as  a  rule,  combined  as  huma- 
tes. 

C.  Schmidt,^  determined  approximately  the  state  of  combination 
of  the  lime  from  different  depths  in  a  soil  of  Devonian  rock  origin. 
His  figures,  corrected  to  the  percentages  of  the  entire  amount  of 
calcium  oxid  soluble  in  hot  concentrated  sulphuric  acid,  (36 — 59  per 
cent,  of  the  entire  soil)  were  as  follows: — 


Per  Cent 


18.0 
7.0 
2.0 

6.0 
Trace. 
5.7 
61.3 

lOO.OO 


^Landw.  Jahrb.,  29  (1900),  913-1,000. 
'Baltischen  Wochenschr.  23  (1885)  Nr.  26. 
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Condition  of  Magnesia. 

The  studies  of  the  condition  of  the  magnesia  in  soils  have  been  less 
complete  than  those  for  the  lime. 

The  studies  of  the  grass  lands  of  the  Pennsylvania  Experiment 
Station,  the  results  of  which  are  given  on  an  earlier  page  of  this 
section,  did  not  include  treatments  with  mild  solvents.  In  general, 
strong,  hot  hydrochloric  acid  acting  for  ten  hours,  dissolved  from 
the  surface. soil  a  little  more  magnesia  than  lime;  and  from  the  sub- 
soil, lime  and  magnesia  in  equal  quantities.  When  the  soil  was 
treated  for  a  longer  time  with  this  hot  acid,  more  lime  than  mag- 
nesia was  dissolved  during  the  latter  part  of  the  period,  but  the 
acid-resistant  residue  was  richer  in  magnesia  than  in  lime.  These 
facts  indicate  some  difference  between  these  two  bases  as  to  the 
states  of  combination  in  which  they  are  held  in  this  soil.  On  the 
same  theory  of  computation  that  was  employed  for  the  calcium,  the 
distribution  of  the  magnesia  dissolved  from  this  surface  soil  by 
strong  acid  would  be: 


Per  cent. 


Combinea  as  magnesium  humate,    3.50 

Firmly  associated  with  organic  matter   4.30 

Combined  as  silicate  by  difference,    92.20 


lOO.OO 


Doubtless  the  assumption  upon  which  these  computations  were 
miade  goes  too  far  in  assigning  to  calcium  alone  the  combinations 
that  are  water-soluble,  and  too  far  also  in  the  assigning  of  all  the 
sulphuric  and  phosphoric  acid  present  to  combinations  with  these 
basic  elements. 
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Relative  Conditions  of  Lime  and  Magnesia. 

Very  few  studies,  if  any,  have  been  made  in  such  manner  as  pre- 
cisely to  reveal  the  relative  condition  of  the  lime  and  magnesia  in 
soils.  The  analyses  of  the  water-extract  from  soils  by  the  Bureau 
of  Soils'  method  rarely  include  the  magnesia.  Out  of  the  thousands 
of  soil  analyses  reported  in  scientific  literature,  but  few  give  data 
for  the  composition  of  the  materials  removed  from  the  soil  by  mild 
solvents.  Still,  such  analyses  have  been  made  representing  many 
soils.  In  by  far  the  greater  number  of  cases,  they  show  the  lime 
to  be  much  more  freely  taken  out  of  the  soils  by  such  solvents  than 
is  the  magnesia.  As  illustrations  may  be  mentioned  analyses  re- 
ported by  E.  Peters,^  v.  Jarriges,^  K.  Hoffman,^  v.  Bemmelen,*  H. 
Grouven,^  J.  Hannemann,*'  G.  Thoms,'  0.  Schmidt,*  M.  Bomer,^  E.  v. 
Eamann,"  A.  Hiltermann^^  and  D.  'Mayer^^ 

We  may  gain  a  good  view  of  the  general  relations  of  lime  to  magnesia 
by  considering  the  composition  of  the  drainage  waters.  An  average 
of  many  analyses  of  such  waters,  chiefly  from  European  sources,  as 
quoted  from  Hilgard  on  another  page"  shows  a  lime  :  magnesia 
ratio  of  about  7:1. 

Relations  of  Lime  and  Magnesia  in  River  Water. 

The  composition  of  the  waters  of  great  rivers  of  the  earth  also 
throws  light  upon  the  relative  condition  in  which  these  elements  exist 
in  the  soil. 

F.  W.  Clarke,^*  has  gathered  a  highly  instructive  collection  of 
analyses  for  the  principal  rivers  of  the  world.  Those  of  the  humid 
and  arid  regions  differ  markedly  in  composition.  Thus,  of  the  former, 
the  Susquehanna  contains,  in  its  dissolved  mineral  matter,  24.68 
per  cent,  of  lime  and  6.67  per  cent,  of  magnesia,  and  the  larger  rivers 
of  these  regions  show  ratios  of  lime  to  magnesia  of  2.9 :1,  for  the  St. 
Lawrence,  to  40  :1,  for  the  Seine,  which  drains  a  region  exceptionally 
rich  in  low-magnesian  limestone.  On  the  other  hand,  the  principal 
rivers  from  arid  regions  show  1.5  of  lime  to  1.0  of  magnesia,  for  the 

^Ldw.  V.  St.  2,  113;  Chem.  Ackersmann,  1860  ,  278. 
^Chem.  Ackersmann,  1861,  83. 
'Ldw.  V.  St.,  5,  193. 

*Ib.,  8,  255;  21,  (1874)  136;  37,  (1890)  2-39  ,  256. 
=  Dritte  Bericht  Arbeit.  V.  St.,  Salzmiinde. 
^Centralbl.  Gesammte  Landeskultur,  1868  ,  407. 
'Baltische  Wochenschr.,  1885,  9.5. 
'Baltische  Wochenschr.,  1885,  No.  26. 

°Mitth.  pharm.  Inst.  Lab.  angew.  Chem.  A.  Hilger,  1889. 

"lb.  Jahrb.  preuss.  geol.  Landesamt.  1884. 

"lb. 

"Ldw.  Jahrb.  33  (1904)  371-404. 
"  See  p.  65. 

"The  Data  of  Geochemistry:  Bull.  330  U.  S.  Geol.  Survey,  Chapter  III. 
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Nile,  up  to  0.7:1,  for  the  Rio  Grande.  This  narrowing  of  ratios  is 
due  to  a  decrease  of  lime,  instead  of  an  increase  of  magnesia  in  pro- 
portion to  the  total  dissolved  mineral  matter. 

Sir  John  Murray,^  calculated  that  the  solid  matter  carried  to  the 
sea  by  19  rivers  contained  20.46  per  cent,  of  calcium  and  4.65  per 
cent,  of  magnesium,  which  corresponds  to  28.64  and  7.75  per  cent, 
of  their  respective  oxids. 

In  general,  therefore,  the  lime  of  soils  exceeds  the  magnesia  in 
its  availability,  although  there  are  occasional  striking  exceptions  to 
this  rule. 

LIME  SILICATES  AS  SOURCES  01'  LIME  FOR  PLANTS. 

That  the  lime  silicates  of  rocks  slowly  form  the  carbonate  in 
weathering  has  already  been  stated.  To  this  it  should  be  added, 
that  some  of  the  calcareous  silicates  give  up  their  lime  quite  readily 
to  growing  plants.  Thus  Mayer,  in  the  paper  above  cited,  reports 
from  experiments  that,  counting  the  efficiency  for  plant  nourishment 
of  the  calcium  in  calcium  carbonate  as  100,  that  in  dolomite  and 
basalt  has  an  efficiency  of  90  and  upwards;  in  scolecite,  anorthite, 
diabase  and  nephelenite,  of  80  to  90;  in  apophyllite,  of  70  to  80.  H. 
Mieth^  tried  various  lime  silicates  upon  oats  grown  by  the  water- 
culture  method,  and  found  their  calcium  freely  taken  up  by  the 
plants.  A.  Gregoire^  had  a  like  experience  in  growing  rye  by  water- 
culture  with  calcium  zeolites  (highly  hydrated  silicates)  as  the  source 
of  lime. 

Maclntire  and  Willis*  compared  on  two  soils,  both  devoid  of  car- 
bonates, and  having,  each  of  them,  an  acidity  equivalent  to  1,120 
pounds  of  lime  (CaO)  an  acre,  the  e£f:ect  of  additions  of  equivalent 
quantities  of  magnesium  and  calcium  silicates  (serpentine  and  wol- 
lastonite)  and  of  the  corresponding  carbonates  in  equivalent  quan- 
tities, using  medium  red  clover  as  the  crop  plant.  The  wire  basket 
method  of  culture  was  employed  with  the  usual  precautions.  The 
crops  obtained  were  as  follows : 

'Scottish  Geog.  Mag.  3  (1887)  65;  quoted  by  Clarke  in  work  cited. 
^Landw.  Versuchs-Stationen,  74  (1910)  81-210. 
^Bul.  Soc.  Chim.  Belg.  24  (1910),  200-209. 
'J.  Ind.  &  Eng.  Chem.,  6  (1914)  1005. 
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Check  • 

1.  Magnesium  silicate,   

2.  Magnesium  and  calcium  silicate  

3.  Magnesium  silicate  and  calcium  carbonate, 

4.  Calcium  silicate  

5.  Calcium  carbonate  (precipitated  chalk), 
li.  Magnesium  carbonate  (precipatated)  


0 

11.4813 
12.2757 

1.8S89 
13.8557 

1.S917 
.0165 


-  0 
1.342:7 
4.1743 
.1361 
.D892 
.0642 
.0000 


The  carbonates  both  acted  iujuriously  in  the  amounts  applied. 
The  calcium  and  magnesium  silicates  both  gave  large  crops  on  the 
clay  loam,  and  likewise  a  relatively  larger  crop  on  the  silty  loam  when 
applied  mixed,  but  not  when  used  singly.  Solutions  obtained  by 
the  action  of  carbonated  water  upon  the  finely  divided  serpentine 
were,  though  distinctly  alkaline,  less  so  than  that  similarly  obtained 
from  magnesite;  that  obtained  from  wollastouite  was  twice  as  alkaline 
as  that  from  serpentine  and  somewhat  more  than  half  as  alkaline 
as  that  from  limestone,  equal  weights  of  mineral  being  used  in  all 
cases. 

Evidently,  therefore,  some  of  the  silicates  in  soil  are  capable,  in 
the  absence  of  more  readily  available  sources  of  lime,  of  supplying 
that  essential  food  to  growing  plants. 


LIMB  REQUIKEMENTS  OF  SOILS. 
It  has  repeatedly  been  found  that  the  quantity  of  lime  dissolved 
by  strong  hot  acid  from  soils,  is  not,  by  itself,  a  safe  basis  for 
judging  the  soil's  productiveness.  Indeed,  in  view  of  the  great  num- 
ber of  factors  each  of  which  has  a  determining  influence  upon  plant 
growth,  and  also  in  view  of  the  variety  of  lime  compounds  which 
can  be  decomposed  by  strong  acid,  it  would  liardly  be  reasonable  to 
expect  that  any  simple  rule  of  judging  soil  productiveness  from 
chemical  composition  as  ordinarily  determined,  could  be  laid  down. 
Still,  while  a  soil  may  have  considerable  percentages  of  acid-soluble 
lime,  and  yet  be  lacking  in  fertility,  it  has  repeatedly  been  observed 
that  there  are  certain  limits  of  lime  content  below  which  soils  do 
not,  as  a  rule,  sink  without  exhibiting  low  productiveness. 
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Notwithstanding  the  difficulties  above  suggested,  experience  on  a 
great  variety  of  soils  has  led  to  some  approximations  that  serve  in 
a  very  rough  way  for  guidance  in  judging  soil  needs  and  values. 

Prof.  Maercker^  of  the  Halle  Experiment  Station,  Germany,  has 
made  a  classification  of  soils  according  to  composition  in  which 
the  following  data  for  lime  are  given : 


Grade  of  Soil. 


Poor,  . . 
Medium, 
Normal, 
Good,  ., 
Rich,  . 


Lime  (Per  cent.) 


Clay  Soil.      Sandy  Soil 


Below  .10 
.10-  .25 
.25-  .50 
.50-1.00 

Above  1.00 


The  quantities  of  lime  in  these  cases  are  those  extracted  from 
the  soil  by  the  action  of  strong  acids. 

Hilgard,"  basing  his  judgment  upon  the  characters  of  the  forest 
vegetation  upon  the  virgin  soils,  and  the  crop  history  of  these 
lands,  when  cultivated,  arrived  independently  at  the  same  classifica- 
tion with  Maercker.  Lloyd''  states  that,  with  rare  exception,  soils 
containing  2  per  cent,  of  lime  will  not  require  liming;  that  soils 
containing  0.5  to  2.0  per  cent,  are  usually  benefitted  by  liming;  and 
that  it  is  indispensable  to  the  profitable  farming  of  soils  that  con- 
tain less  than  .0.5  per  cent,  of  lime. 

Heinrich*  states  that  a  good  soil  should  contain  at  least  0.2  to  0.3 
per  cent,  of  lime  and  that  liming  is  certainly  required  when  the 
proportion  falls  to  0.1  per  cent. ;  and  that,  in  case  of  a  heavy  soil, 
it  is  needful  before  the  percentage  of  lime  has  fallen  to  the  latter 
figure;  that  when  0.15  p  r  cent,  is  present,  liming  does  not  lead  to 
an  increased  growth  of  rye,  oats,  or  potatoes;  and  that,  when  0.3 
per  cent,  of  lime  is  present,  liming  or  marling  is  without  beneficial 
result. 

The  minimum  limits  for  tropical  countries,  where  the  conditions 
of  temperature,  moisture  and  humus  decay  are  very  different  from 
those  of  the  humid  portions  of  the  temperate  zones,  are  apparently 
much  lower  than  those  above  given. 

The  efiBciency  of  the  lime  present  in  maintaining  the  soils  in  sweet 
condition  is,  however,  so  much  more  important  than  the  total  amount 
contained  in  all  soil  constitutents,  including  both  those  that  are  im- 

1  Cited  by  Hilgard,  Soils,  New  York,  1906,  p.  369. 

^  Soils,  pp.  353-4;  365-374. 

'Science  of  Agriculture,   (1884),  111. 

*  Mergel  u.  Mergeln,  20;  see  also,  Orth,  Arbeit,  d.  Mw.  Gesellchaft,  1896. 
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mediately  active  for  soil  ueutralization  and  those  that  are  not  thus 
active,  that  further  discussion  of  these  amounts  extractible  by  strong 
acid,  whether  used  in  hot  or  cold  condition,  seems  unnecessary. 

LOSSES  OF  LIME  FROM  SOIL.  ■ '  ;        .  \ 
By  Cropping. 

Many  calculations  have  been  made  to  show  the  outgo  of  lime  in 
farm  products.  Thus  King,-  assuming  a  three-course  rotation  of 
corn,  clover  and  oats  to  be  followed  for  one-hundred  years,  each 
with  a  total  product  of  two  tons  per  acre  per  annum,  the  hay  and 
straw  being  returned  to  the  soil,  but  the  grain,  or  its  equivalent  being 
sold,  finds  that  the  hay  and  straw  would  contain  3,102  lbs.  of  lime, 
and  the  grain  only  86  lbs. ;  so  that,  with  an  average  of  1.88  tons  of 
lime  in  the  surface  foot  of  soil,  this  alone  would  supply  the  needed 
lime  for  over  4,000  years,  were  there  no  other  loss,  without  the  aid 
of  the  lime  present  in  the  sub-soil,  which  is  more  or  less  drawn  upon 
by  the  roots  of  the  crops. 

Or,  assuming  a  four-course  rotation  of  corn,  oats,  wheat  and  mixed 
clover  and  timothy,  producing  average  crops  of  the  quantities  men- 
tioned in  an  earlier  table-  and  assuming  that  all  the  wheat,  half 
the  oats,  one-third  of  the  corn  and  one-fourth  of  the  hay  were  sold, 
the  remainder  of  the  crops  being  fed  upon  the  farm;  that  one  cow 
were  kept  for  each  two  acres  under  cultivation,  yielding  7,000  lbs. 
of  milk  sold  off  the  farm  each  year  and  that  for  each  cow  there  were 
bought  750  lbs.  of  cottonseed  meal  and  1,500  lbs.  of  bran  each  year, 
the  outgo  would  be  for  each  acre : 


In  wheat  (61  bushels),   

In  oats  (6J  bushels),   

In  corn  (4  1/6  bushels),   

In  hay  (220  lbs.)  

In  milk  (3,500  lbs.,  at  2  lbs.  ot  lime  per  1,000  lbs.  mills 

The  income  would  be: 

In  375  lbs.  cottonseed  meal  

In   750  lbs.    wheat  bran  

Net  annual  outgo  by  cropping,   


By  Leaching. 

In  discussing  the  formation  of  soils  by  the  weathering  of  rocks, 
the  comparative  readiness  with  which  lime  is  dissolved  therefrom 
has  been  mentioned.    A  similar  relative  condition  of  solubility  con- 

^The  Soil,  102-104. 
^Page  42. 
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tinues  iu  the  soil  to  determine  the  proportion  in  which  the  several 
soil  constituents  are  removed  in  the  leaching  of  the  soils  by  rains  and 
the  running  away  of  drainage  waters. 

Lysinieter  Waters:  For  purposes  of  investigating  certain  moisture 
relations  of  soils  and  plants,  portions  of  soil  have  been  placed  in  metal 
containers,  so  arranged  that  the  soil  is  exposed  to  the  rainfall  and  to 
the  influences  that  promote  surfaceevaj)oration,  and  that  the  drainage 
may  be  collected,  measured  and  analysed  to  ascertain  the  soil  consti-  | 
tuents  removed  under  different  conditions.  The  quantities  of  water  per- 
colating through  the  soil  vary,  of  course,  with  the  amount  of  rainfall, 
conditions  of  evaporation,  soil  texture,  depth  of  soil,  cropping  and 
season  of  the  year.  Variations  under  like  influences  occur  in  the 
composition  and  concentration  of  the  matters  carried  out  of  the 
soil  by  the  percolating  water.  The  quantities  are  determined  under  ^ 
conditions  so  different  from  those  affecting  the  soils  in  place  in  the 
field,  that  they  cannot  serve  to  give  a  satisfactory  idea  of  field  soil 
losses.  The  proportions  removed  of  the  served  elements  are,  how- 
ever informing.  The  average  composition  of  16  lysimeter  waters  as 
given  by  Johnson,^  Fraas^  and  Hanneman'*  is  as  follows : 


Parts  per 
Million. 


Potash   (KoO)   7.49 

Soda  (Na.O)   11.03 

Lime   (CaO),   103.94 

Magnesia  (MgO),    13.07 

Pliospboric  acid    (PjOs),    Trace. 

Sulpliurie  acid  (SO3),    32.- 

Nitric  acid  (NjOr,)),    80.06 

Clilorin    (CI)   15.95 


264.00 


These  waters  percolating  from  the  lysimeter  take  with  them  in 
solution  far  more  lime  than  either  potash,  soda  or  magnesia ;  indeed, 
usually  more  than  all  of  these  three  bases  collectively.  They  are 
abstracted  partly  as  nitiates,  sulphates,  chlorides,  and  doubtless  as 
carbonates  and  bi-carbonates. 

Drainage  Waters:  The  composition  of  the  water  collected  from 
the  discharge  pipes  of  drainage  systems  doubtless  represents  more 
perfectly  than  the  percolates  from  lysimetery,  the  sub-soil  water  car- 
ried off  through  underground  channels  and  by  seepage.  The  composi- 
tion of  such  waters  is  illustrated  by  an  average  from  data  quoted  by 
Hilgard.* 

^How  Crops  Grow,  1879,  31.5,  from  Fraas,  Munich. 

^Fraas,  Ersebnisse  Idw.  u.  chem.  Vensnclie,  d.  Stat.  d.  bayer.  Idw.  Verein 
3,  79. 

^  J.  Hannemann,  Ztschr.  Idw.  Versuclisw.  Oesterreich,  4,  (1901)  34:  Period  Apr. 
1  to  Oct.  31. 
^  Soils,  (1909),  22. 
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Parts  per 
Million. 


Potash  (K2O) 
Soda  iNa.O), 
Lime  (CaO), 


Magnesia  (MgO)  

Phosphoric  acifl  {P2O-,), 
Sulphuric  acid  (SO3),  .. 

Nitric  acid  (N2O3)  

Chlorin  (CI)  


2.6 
17.2 
109.1 
16.7 
3.8 
110.1 
68.7 
11.5 


Total, 


Where  the  carbonic  acid  (CO.)  was  determined  in  these  analyses, 
its  quantity  ranged  from  44.45  to  121.3  parts  per  million.  It  is 
evident  from  the  foregoing  analyses  that,  in  the  drainage  water  as 
in  the  lysimeter  drippings,  lime  is  by  far  the  most  abundant  base. 
This  average  also  ^represents  too  few  cases  and  conditions  to  be 
accepted  as  a  general  average. 

These  figures  for  the  composition  of  drainage  water  do  not,  how- 
ever, afford  us  any  idea  of  the  absolute  quantity  of  lime  lost  through 
the  drains.  N.  J.  H.  Miller^  from  a  study  of  the  drainage  of  Barnfield, 
Eothamstead,  for  the  period,  1877-1901,  concludes  that  in  these  24 
years  the  drainage  loss  of  lime  (CaO),  per  acre  was  11  pounds, 
equivalent  to  20  pounds  of  carbonate  of  lime,  for  each  inch  of  drain- 
age water;  and  since  there  were  each  year  about  15  inches  of 
drainage  water,  that  is,  such  quantity  that  if  it  were  flowing  over 
an  area  of  an  acre,  it  would  have  a  depth  of  15  inches,  the  total 
quantity  of  lime  removed  annually  was  equivalent  to  300  pounds  of 
carbonate  of  lime. 

Certain  of  the  Eothamstead  fields  had,  however,  many  years  ago 
been  heavily  chalked,  that  is,  covered  with  chalk  dug  up  by  trenching 
to  underlying  chalk  deposits.  These  soils,  including  Broadbalk,  Ag- 
dell  and  Hoos  fields,  contain  about  3  per  cent,  of  carbonate  of  lime. 
By  analyses  of  soil  samples  taken  from  various  plats  on  these  fields 
at  intervals  since  1856,  Hall  and  Miller^  calculate  that  the  annual 
drainage  from  these  lands,  unmanured,  removes  about  1,000  pounds 
of  carbonate  of  lime  per  acre. 

Similar  quantities  are  reported  by  Creydt,  Von  Seelhorst,  and 
Wiems^  from  a  study  of  drain-flow  and  drainage  waters. 

These  amounts  are  far  more  considerable  than  those  removed  by 
cropping,  and  are  largely  increased  by  the  application  of  manure 
and  of  such  fertilizer  salts  as  sulphate  of  ammonia. 

These  quantities  may  be  far  less  than  the  quantities  carried  from 
surface  to  subsoil  in  a  rainy  season. 

^Proe.  Chem.  Soc.  (London)  18  (1902)  88-90. 

=  Proc.  Roy.  Soc  (London)  (B)  77  (1905),  No.  B,  .514,  pp.  1-32. 

^Jour.  Landw.,  49  (1901)  251-275. 
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GAINS  OF  LIME  BY  SURFACE  SOIL. 
By  Addition  of  Fertilizers. 

It  is  ofteu  overlooked  that  much  combined  lime  is  added  to  land  in 
the  various  fertilizers  now  so  generally  applied.  The  following  table 
shows  the  quantities  of  lime  (CaO)  contained  in  a  ton  of  the  more 
common  fertilizer  materials : 


Substance. 


Ashes,   (lime  liiln),   

Ashes,  v,"ood.  leached  

Ashes,  wood,  unleached,   

Bone  ash,   

Bone  meal  

Cottonseed  hall  ashes  

Gas  lime,   

Kainit  

Kieserit,  

Marls  

Land  plaster,  Caynga  

Land  plaster.  Nova  Scotia,  ... 
South  Carolina  rock,  ground,  . 
South  Carolina  rock,  dissolved, 

Tannery  ashes,   

Tobacco  stalks  

Tobacco  stems  

Thomas  slag  phosphate  


Lime  Compound. 


Caustic  lime  and  carbonate,   

Carbonate  and  phosphate  

Carbonate  and  phosphate  

Phosphate,   

Phosphate,   

Carbonate  and  phosphate  

Carbonate  and  sulphate  

Chlorid  and  sulphate,   

Chlorid  and  sulphate,   

Carbonate  and  phosphate,   t 

Sulphate  and  carbonate  

Sulphate  and  carbonate  

Phosphate  and  carbonate  

Phosphate  and  sulphate  (about). 

Carbonate  and  pliosphate,   

Nitrate,   malate,  etc  

Nitrate,  oxid  and  silicate,   

Phosphate,  oxid  and  silicate,  ... 


With  every  pound  of  phosphoric  acid  applied  in  the  ordinary 
forms  of  commercial  fertilizer,  the  presence  of  at  least  1  1-4  pounds 
of  lime  is  assured. 

From  these  facts,  it  is  clear  that  in  an  application  of  200  lbs.  of 
dissolved  South  Carolina  rock,  fully  40  lbs.  of  lime  is  added  to  the 
soil,  an  amount  several  times  greater  than  that  removed  in  a  single 
year  by  the  crops  sold  off  from  the  acre. 


Upward  movement  of  lime  from  subsoil. 

In  a  preceding  section,  the  losses  of  lime  that  occur  by  reason  of 
such  rainfalls  as  cause  the  out-flow  of  drainage  and  surface  waters, 
were  briefly  considered.  The  total  period  of  drain-flow  covers  col- 
lectively, in  the  case  of  soil  in  good  tilth,  only  a  small  portion  of 
the  year;  but  through  nearly  the  entire  twelve  months,  the  surface 
soil  is  giving  up  moisture  to  the  air  by  evaporation.  The  quantities 
thus  lost  are  taken  from  the  surface  layer  of  the  land  and 
from  the  leaves  and  stems  of  growing  crops,  but,  within  certain 
limits,  any  excess  held  by  the  sub-soil  tends  to  rise  by  capillary 
action  to  renew  the  surface  soil  supply.  IJo  these  rising  waters  by 
withdrawal  of  soluble  food  constituents  from  subsoil  supplies,  renew 
also  the  food  stock  in  the  surface  soil  as  it  sufl'ers  depletion  either 
by  washing  rains  or  by  crop  consumption? 

*  Recent  analyses  of  Thomas  sing  ("basic  slag"),  as  now  prodiiced,  indicate  that 
not  more  than  120  pounds  (about  6  per  cent.)  of  lime  (CaO)  is  present  in  the  forms 
of  oxid  and  carbonate. 
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There  are  two  processes  that  might  act  to  lift  the  sub-soil  dissolved 
materials  toward  the  soil  surface,  capillarity  and  difEusion. 

Capillarity. 

When  a  dry  porous  body,  such  as  cotton  wick,  has  its  lower  surface 
brought  into  contact  with  a  liquid,  the  latter  tends  to  rise  in  the 
pores.  This  process  is  said  to  be  due  to  capillarity  or  surface  ten- 
sion.   The  finer  the  pores,  the  higher  Mil  the  liquid  rise. 

The  soil  is  porous,  but  some  of  its  pores  are  coarse,  most  of  them 
angular,  and  its  particles  are  largely  coated  with  gelatinous  sub- 
stances. When  water  rises  in  a  soil  by  surface  tension,  it  tends 
to  occupy  only  the  narrower  angles  between  soil  particles  and  to 
displace  the  liquids  in  the  soil  coatings,  rather  than  to  fill  the 
larger  pores.  Moreover,  when  a  solution  is  moved  through  a  soil  by 
surface  tension,  its  liquid  moves  more  freely  than  the  dissolved  sub- 

One  of  the  most  striking  and  carefully  conducted  experiments  upon 
the  rise  of  mineral  salts  in  soils  was  made  in-  the  Bureau  of  Soils 
under  the  leadership  of  the  late  Dr.  F.  H.  King.^    The  movement 
of  the  salts  was  studied  in  eight  soils  representing  as  many  soil 
types.    The  soils,  previously  dried,  were  uniformly  packed  in  gal- 
vanized iron  cylinders,  two  cylinders  for  each  soil.    Through  a  res- 
ervoir in  the  cylinder-base,  a  definite  solution  of  several  salts  was 
brought  into  contact  with  each  soil  lot.    The  cylinders  were  then 
covered  with  a  cap,  and  so  held  until  the  solution  had  risen  by 
capillarity  to  the  surface.    From  one  cylinder  of  each  pair,  the 
cover  was  then  removed,  the  salt  solution  in  the  reservoir  replaced 
by  distilled  water,  and  the  latter  allow  to  sweep  upward  such  of 
the  salts  as  remained  in  water-soluble  condition,  until  as  much  dis- 
tilled water  had  entered  the  soil  as  would  sufdce  to  displace  the 
salt  solution  taken  up.    The  soils  were  then  removed  from  the 
cylinders,  layer  by  layer,  these  layers  separately  extracted  with 
water,  and  the  corresponding  resultant  solutions  analyzed  by  the 
methods  of  the  Bureau  of  Soils. 

His  results  show  that  nitrates,  chlorids,  and,  in  less  degi-ee,  sul- 
phates, tend  to  accumulate  in  the  surface  soil;  that  lime  and  mag- 
nesia, the  latter  in  less  proportion,  tend  likewise  to  rise;  while 
potash  rises  slowly,  and  phosphoric  acid  scarcely  at  all. 

H.  Pellet^  investigated,  in  like  manner,  Joulie's  suggestion  that  the 
soluble  salts  in  the  soil  could  be  divided  in  two  classes: — 1.  Those 
that  rise  to  the  surface;  2.    Those  that  sink  in  the  subsoil.  He 

1  See  however.  Bell  and  Cameron's  experiments,  in  which  they  found  the 
same  I'nw  to  aoply  to  the  rate  of  advance  of  both  solvent  'Trid  dissolved  substance 
in  capillary  tubes',  soils  and  filter  paper,  J.  Phys.  Chem .  10  (1906)  658.  . 

=  Investigations  in  Soil  Management,  etc.,  Madison,  Wis.,  1904. 

'Gomptes  rendus,  1878;  Jahresbr.  Agr.  Chem.  (2)  1  (1878)  34  seq. 
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mixed  into  relatively  large  weights  of  sand  known  quantities  of  the 
carbonates,  sulphates,  nitrates,  phosphates  and  chlorids  of  potas- 
sium, sodium,  calcium  and  ammonium,  moistened  the  mixtures  with 
water  to  20  per  cent,  of  their  weight,  allowed  the  moist  sand  to 
stand  for  36  hours,  and  then  divided  the  several  lots  horizontally 
into  two  layers,  which  were  separately  analyzed.  His  results  led 
him  to  conclude  that  most  salts  tend  to  rise,  only  such  as  are  es- 
pecially deliquescent  (that  is  have  the  property,  upon  standing 
exposed  to  the  air,  of  taking  up  water  sufficient  to  dissolve  them) 
such  as  potassium  carbonate  and  calcium  chlorid,  tend  to  sink. 

We  learn  from  these  experiments  that  lime,  in  certain  combinations 
with  strong  mineral  acids,  is  readily  carried  up  by  capillarity,  and 
concentrated  in  the  surface  layer  of  the  moist  soil;  but  that  this 
is  apparently  far  less  true  of  the  bi-carbonates  and  silicates,  than 
of  the  nitrates  and  sulphates;  so  that,  where  the  sub-soil  moisture 
contains  its  lime  chiefly  as  bi-carbonate  and  silicate,  (the  usual  case), 
the  tendency  to  enrich  the  surface  soil  is  far  less  pronounced  than 
might  at  first  be  supposed. 

The  fact  that  the  subsoil  is  not  usually  saturated  with  moisture 
must,  of  course,  greatly  retard  the  capillary  rise  of  solutions  toward 
the  surface,  as  compared  with  the  case  shown  in  King's  experiment, 
where  a  free  liquid  took  the  place  of  the  subsoil. 

Diffusion, 

Soluble  substances  tend  to  be  distributed  uniformly  through  a 
solvent  with  which  they  come  into  contact.  The  process  of  distri- 
bution is  called  diffusion. 

Let  us  now  pass  to  the  inquiry  whether  diffusion  plays  an  im- 
portant part  in  renewal  of  plant  food  supplies  in  one  section  of 
a  soil  that  has  been  depleted  therein,  by  the  streaming  toward  that 
point  from  adjacent  soil  regions  of  the  particular  plant  food  whose 
quantity  in  the  soil  moisture  of  the  first  named  section  has  fallen 
below  the  degree  of  concentration  obtaining  in  the  surrounding  areas. 
From  what  has  already  been  related  concerning  diffusion  in  con- 
siderable volumes  of  liquid,  we  should  expect  such  a  tendency  to  re- 
store concentration  by  diffusion  to  play  a  considerable  part,  although 
the  rate  of  movement  might  not  be  sufficiently  rapid  to  maintain 
equilibrium  when  it  was  being  destroyed  by  a  large  consumption  of 
the  substances  concerned  from  the  surface  soil  by  the  growing  crop. 

It  will,  of  course,  be  remembered  that  when  the  soil  is  not  water- 
soaked,  the  distribution  of  the  moisture  is  quite  different  from  that 
existing  in  the  cases  of  a  liquid  filling  a  vessel  of  considerable  size; 
that  in  the  soil  it  is,  instead,  distributed  in  capillary  columns,  in 
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thin  films  covering  and  in  part  penetrating  gelatinous  ("coUoid") 
gTain-coatings ;  and  even  in  isolated  masses  held  in  narrow  angular 
nooks  between  soil  grains. 

Where  the  portions  of  soil  moisture  lack  continuity,  diffusion  of 

course  cannot  operate.  - 

The  influence  of  gelatinous  substances  (colloids)  holding  water 
in  their  masses,  upon  the  ditTusion  of  mineral  salts  through  this  water, 
has  not  been  as  widely  studied  as  is  desirable.  Such  studies  as  have 
been  made,  upon  diffusion  is  moist  gelatine,  for  example,indicate,  how- 
ever, that  this  colloid  does  not  prevent  diffusion,  but  simply  reduces 
slightly  its  rate. 

The  subject  of  diffusion  through  capillary  columns  and  their  films 
has  not,  to  the  writer's  knowledge,  been  sufficiently  studied  to  af- 
ford an  answer  to  the  present  questions. 

Irrespective  of  studies  upon  these  individual  phases  of  the  subject 
under  consideration,  there  is  a  considerable  volume  of  information 
suitable  for  its  illumination. 

Owing  to  the  tremendous  forces  operative  in  the  diffusion  process, 
gravity  is  practically  of  no  effect.  Unless  the  horizontal  distribution 
of  soil  moisture  is  essentially  different  from  its  vertical  distribution, 
and  we  have  no  knowledge  tending  to  show  that  it  is  different  in  soil 
layers  lying  some  distance  above  the  ground-water  or  water-table 
level,  observations  upon  the  horizontal  movement  of  dissolved  sub- 
stances by  diffusion  will  serve  our  present  purposes.  The  cases  here 
cited  are  of  this  nature. 

J.  W.  White^  reports  the  results  of  studies  made  upon  the  soil 
of  Plat  32,  of  the  General  Fertilizer  Series  of  the  Pennsylvania  Agri- 
cultural Experiment  Station.    This  soil  is  now  highly  acid  as  the 
result  of  30  years'  use  of  sulphate  of  ammonia  applied  biennially  in 
considerable  amounts  as  a  fertilizer;  despite  the  fact  that  the  soil 
is  of  limestone  origin  and,  under  portions  of  the  plat,  the  rocks  lie 
not  far  below  the  surface.   Occasional  patches  of  clover  still  appear, 
sometimes  quite  vigorous  in  growth.    Other  portions  of  the  surface, 
only  a  few  inches  distant  from  these  clover  patches,  show  not  a 
single  clover  plant,  although  the  land  is  uniformly  seeded  to  clover 
with  timothj'  every  four  years.    White  examined  the  condition  and 
composition  of  various  portions  of  the  soil  showing  these  striking 
contrasts  in  vegetation.    He  found  that  one  vertical  section  of  the 
soil  might  be  free  from  clover,  highly  acid  and  practically  devoid 
of  carbonate  of  lime;  while  another  section,  only  18  inches  away 
from  the  former,  was  covered  with  clover,  distinctly  alkaline  and 
fairly  rich  in  lime  carbonate.    These  differences  appeared  in  num- 
erous sections  systematically  sampled  and  examined. 


^Report  Penna.  State  College,  1912-1913,  in  press. 
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It  would  therefore  appear  that  no  considerable  amount  of  calcium 
bicarbonate  could  move  by  diffusion  from  the  parts  rich  in  calcium 
carbonate  even  to  nearby  parts  seriously  deficient  in  this  consti- 
tuent. 

This  series  of  experiments  presents  other  evidence  of  the  same 
character,  though  probably  less  striking.  The  nitrates  are  highly 
soluble  salts,  exhibiting  less  capacity  than  most  nutrient  salts  for 
being  changed  to  an  insoluble  condition  or  combination  upon  con- 
tact with  the  soil,  and  possessing  a  relative  high  order  of  diffusibility. 
The  plats  in  this  series  are  separated  from  adjacent  plats  of  the 
same  tier  by  narrow  grass  strips;  so  that,  in  the  case  of  a  drilled 
crop,  like  wheat  or  oats,  the  side  drill  rows  of  two  neighboring 
plats  lie  somewhat  less  than  three  feet  apart.  In  each  of  the  four 
tiers,  there  are  two  sets  of  plats  that  lie  next  to  one  another,  one 
of  each  pair  receiving  dissolved  bone  black  and  muriate  of  potash; 
the  other  of  the  pair,  nitrate  of  soda  in  addition  to  the  fertilizer 
materials  just  named.  In  one  of  the  pairs,  the  nitrate  is  added  at 
the  rate  of  157  pounds  per  acre;  in  the  other,  at  the  rate  of  471 
pounds  per  acre.  Yet,  on  the  plats  that  receive  no  nitrate,  the 
cereal  plants  occupying  the  drill-rows  nearest  to  the  nitrate  plats, 
exhibit  no  evidence  of  any  benefit  from  the  application  of  nitrate 
to  the  nearby  parts  of  the  next  plat.  From  present  data,  it  cannot 
be  said  whether  the  grass  on  the  separating  strips  does  or  does 
not  benefit  from  the  nitrate. 

Still  more  striking  evidence  cf  the  same  character  is  given  in 
the  observations  of  Director  Hall  upon  top-dressing  experiments  with 
fertilizers,  including  nitrate  of  soda,  upon  the  permanent  Park  used 
as  mowing  land  at  Eothamstead.  Here  the  plat  divisions  are  in- 
dicated by  pegs  driven  into  the  ground,  and  there  are  no  unfertilized 
strips  between  adjacent  plats.  When  fertilizer  dressings  are  applied, 
canvas  or  board  screens  are  erected  between  the  plats  to  prevent 
the  fertilizer  from  being  scattered  beyond  the  boundary  of  the  plat 
for  which  it  is  intended.  These  experiments  have  been  continuous 
since  1856,  yet  Director  Hall  could  note  no  evidence  of  the  fertilizer 
of  one  plat  affecting  the  plants  on  the  adjacent  plat  for  a  distance 
greater  than  6  inches  from  the  boundary  line. 

Evidence  of  this  kind  could  be  cited  in  greater  volume,  but  we 
will  turn  instead  to  the  results  of  experiments  by  A.  Mfintz  and  H. 
Gaudechon^  in  which  the  rate  of  diffusion  of  various  soluble  salts 
was  studied  in  a  number  of  different  soils,  under  varying  conditions 
of  moifeitness.  Without  presenting  the  detailed  methods  and  results, 
we  note  their  conclusions:  The  soil  is  a  discontinuous  medium, 
(that  is,  one  in  which  the  water  masses  are  for  the  most  part  not 
in  contact,  one  with  the  other)  in  which  even  the  most  soluble  salts 


•Ann.  Inst.  Agron.  [2]  7  (1908j  205-238. 
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diffuse  only  with  extreme  slowness,  and  in  which  there  may  exist, 
simultaneously  and  for  a  long  time,  zones  of  very  different  composi- 
tion, unless  uniformity  is  secured  by  cultivation  and  the  increase 
of  the  moisture  content. 

L.  Malpeaux  and  G.  Lefort,"  studying  the  distribution  of  nitrates 
when  applied  as  top-dressing  and  when  plowed  under,  found  that, 
when  plowed  under  10  inches  in  a  dry  summer,  they  appeared  in 
the  surface  three  inches  in  11  days;  when  plowed  under  20  inches, 
inside  of  a  month.  The  authors  calculate  that  diffusion  alone 
could  not  account  for  more  than  one-tenth  of  this  transfer,  and 
conclude  that  capillarity  must  account  for  the  observed  rise  of  the 
nitrates.  When  the  nitrates  were  applied  as  top-dressing  or  but 
light  buried,  on  the  other  hand,  they  were  found  to  remain  localized 
for  a  long  time  and  never  to  be  carried  down  beyond  the  reach  of  the 
roots  by  the  light  rains  of  a  dry  season. 

G.  J.  Lynde  and  F.  W.  Bates^  in  a  study  of  the  water  movement 
in  soils,  found  in  a  wet,  heavy  clay  subsoil,  as  distinguished  from 
less  clayey  soils,  that  the  physical  conditions  were  like  those  of  the 
cell-walls  of  a  rootlet,  rather  than  like  the  free  space  of  a  vessel, 
or  even  the  coarse  pores  of  a  sponge,  so  far  as  freedom  of  water- 
movement  is  concerned;  and  that,  consequently,  such  soils  act  like 
semi-permeable  membranes  in  relation  to  the  movement  of  water 
and  dissolved  solids  through  them. 

When,  however,  soils  are  saturated  wth  water,  as  when  irrigated, 
for  example,  diffusion  can  operate.  Thus  King  and  others  have 
observed  a  very  decided  horizontal  spread  of  nitrates  upon  irrigation. 

From  these  observations  and  experiments  we  are  brought  to  the 
conclusion  that,  under  normal  moisture  conditions,  diffusion  can 
accomplish  little  for  the  bringing  back  to  equilibrium  of  the  composi- 
tion of  the  soil  solution  which  has  been  depleted  in  some  particular 
constituent  that  is,  elsewhere  in  the  same  body  of  land,  relatively 
abundant. 

Evidently,  therefore,  capillarity,  or  the  tendency  of  an  entire  body 
of  a  solution  to  rise,  as  in  a  wick,  through  the  narrow  pores  of  the 
partially  dry  soil,  or  through  a  soil  that  is  losing  water  by  surface 
evaporation,  is  the  only  cause  that  can  contribute  materially  toward 
bringing  subsoil  supplies  to  the  surface  layer  of  a  fallow  land. 
Doubtless,  such  crops  as  send  roots  into  the  subsoil,  may  through 
them,  draw  upon  subsoil  supplies  and  distribute  them,  in  part,  to 
the  root  system  occupying  the  surface  soil,  which  receives  the  benefit, 
possibly  by  the  leaching  rain  and  by  root  excretion  during  the  life 
of  the  plant,  and  certainly  upon  the  decomposition  of  root  and  stub- 

^Ann.  sci.  agron.  29,  (2)  241-258;  30  (2)  805-726. 
'Jour.  Phys.   Chem.,  16  (1912)  759-781. 
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ble  after  the  crops  death  or  removal.  We  have  little  exact  knowledge 
of  the  extent  to  which  the  last-named  cause  is  effective  in  making 
the  transfer  here  under  consideration. 

The  formation  of  encrustations  upon  alkali  lands  thi'ough  the 
rise  and  evaporation  of  sub-soil  waters,  the  similar  formations  of 
crusts  in  greenhouse  benches  and  upon  field  soils  of  the  humid  region 
in  dry  seasons,  are  facts  of  common  knowledge.  As  regards  humid 
region  soils  exposed  to  usual  weather  conditions,  we  have  little 
definite  knowledge  of  the  degree  to  which  sub-soil  supplies  are 
brought  upward  into  the  main  root  zone  so  as  to  contribute  to  the 
crop's  support. 

We  are  clearly  not  warranted  in  assuming,  as  some  do,  that  such 
sub-soil  contributions  are  sufficient  to  maintain  at  its  normal,  the 
available  plant  food  supply  of  the  surface  soil.  Especially  is  this 
unwarranted  in  the  case  where  the  surface  is  being  cropped  under 
an  intensive  system. 

From  the  evidence  presented  in  the  paragraphs  immediately  fore- 
going, it  would  appear  that  calcium  carbonate,  and  probably  mag- 
nesium carbonate  also,  is  among  the  soluble  soil  constituents  least 
i-eadily  brought  up  to  the  surface  from  the  subsoil  or  from  limestone 
rocks  lying  not  far  underneath,  when  the  soils  are  in  their  average 
or  usual  moisture  condition. 

SOIL  ABSORPTION. 
Eeferring  again  to  King's  experiment  upon  the  rise  through  soils  of 
various  nutrient  salts,  it  will  be  recalled  that  some  of  them,  as 
potash  and  lime,  introduced  as  bicarbonate  were  retained,  for  the 
most  part,  in  the  lower  layers  of  the  soil  with  which  they  first  came 
into  contact.  If  the  conditions  of  the  experiments  are  altered,  so 
that  a  portion  of  the  soil  is  shaken  with  a  considerable  volume  of 
a  solution  of  a  lime  or  potash  salt,  and  the  solution,  after  separation 
from  the  soil,  is  analysed,  it  is  usually  found  that  the  soil  has 
taken  up  from  the  solution  a  considerable  part  of  the  nutrient  salt. 
This  process  is  called  absorption,  and  plays  an  important  role  in 
soil  changes. 

In  most  cases,  however,  where  a  salt,  such  as  muriate  of  potash, 
(potassium  chlorid)  or  sulphate  of  ammonia,  is  brought  in  solution 
into  intimate  contact  with  a  soil,  it  is  found  that,  in  exchange  for 
the  potassium  or  ammonium  absorbed  by  the  soil,  there  is  given 
up  to  the  solution  some  other  base  or  bases,  such  as  calcium,  mag- 
nesium or  sodium.  These  appear  in  the  solution  combined  with  the 
acid  formerly  associated  with  the  absorbed  base,  potash  or  ammonia. 
The  quantities  of  the  bases  given  up  are  usually  greater  than  the 
solvent  action  of  the  solution  water  could,  alone,  take  from  the 
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soil  minerals.  Sometimes,  but  with  many  exceptions,  the  quantities 
of  lime,  for  example,  absorbed  are  chemically  equivalent  to  the 
amounts  of  magnesia  and  other  bases  given  up  to  the  solution  in 
exchange.  Here  a  simple  chemical  exchange  of  acids  and  bases  be- 
tween salts  seems  to  be  involved. 

This  process  is  apparently  not  a  simple  one  due  to  a  single  op- 
erative cause,  but  rather,  to  several  causes  active  in  differing  degree 
according  to  conditions  existing  at  the  time  of  the  absorption. 

Absorption  by  Porous  Bodies. 

If  porous,  boxwood  charcoal  be  freed  from  air  by  heating,  and  then 
introduced  into  ammonia  gas,  it  will  absorb  and  hold  in  its  pores, 
ninety  times  its  own  volume  of  gas.  Upon  removing  the  charcoal 
with  its  gas  charge  to  a  vacuum,  the  gas  is  given  off.  The  absorption 
(or  adsorption,  as  it  is  called  in  such  case)  is  not  due  to  a  chemical 
combination  between  the  charcoal  and  ammonia,  but  to  some  purely 
physical  cause,  apparently  having  relation  to  the  greatly  increased 
surface  which  the  porosity  of  the  charcoal  imparts  to  it.  The  re- 
sult is  a  great  concentration  of  the  ammonia  upon  a  unit  surface. 
If  dog-wood  charcoal  be  pulverized  while  still  warm  from  the  retort, 
kiln  or  heap,  it  concentrates  oxygen  from  the  air  in  such  degree  that 
spontaneous  combustion  occurs. 

If  brine  be  made  to  percolate  through  a  volume  of  pure,  dry  sand, 
the  first  few  drops  of  liquid  issuing  are  devoid  of  salty  flavor.  The 
finer  the  sand  or  other  earth  through  which  the  percolation  is  con- 
ducted, the  larger  the  quantity  of  fresh  (not  salty)  water  discharged 
below. 

In  the  case  of  pure  sand,  these  facts  must  be  due  to  retention  of 
the  salt,  more  than  the  water,  by  surface  attraction. 

Charcoal  has  great  power  also  to  absorb  certain  kinds  of  solids 
held  in  solution.  It  thus  takes  strychnine  from  its  solutions,  also 
various  coloring  matters,  whence  the  use  of  bone-char  for  removal 
of  coloring  matters  in  sugar  and  oil  refining.  The  value  of  charcoal 
as  a  filtering  medium,  depends  upon  these  properties. 

Soils,  owing  to  their  porositj^  have  absorbing  powers  of  the  same 
kind,  though  usually  of  less  degree.  They  have  distinct  power  to 
concentrate  gases  upon  their  surfaces.  Their  power  of  taking  up 
coloring  matters  from  solution  is  instanced  in  the  application  of 
fuller's  earth  for  the  de-colorizing  of  cottonseed  oil  in  certain  oil 
refining  processes. 

Zeolitic  Theory  of  Absorption. 

Early  in  the  study  of  the  facts  of  soil  absorption  above  noted,  it 
was  found  that  certain  beautifully  ci'ystalline  minerals,  having  the 
composition  of  hydrated  silicates  of  alumina  with  one  or  more  ad- 
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ditional  bases,  (chiefly  potash,  soda,  lime  or  magnesia),  when  brought 
into  contact  with  a  salt  solution  exhibited  much  readiness  to  ex- 
change their  bases  other  than  alumina,  for  other  bases  contained 
in  the  salt  or  salts  of  the  solution.  It  was  therefore  assumed  that 
soils  probably  contain  zeolites  whose  property  just  mentioned  en- 
abled the  soil  to  effect  the  absorption  in  question.  Their  properties 
do  not,  however,  serve  to  account  for  the  entire  range  of  absorption 
facts.  Diligent  search  has  been  made  for  zeolites  in  the  soil, 
but  they  have  been  found.  Moreover,  laboratory  experiments  with 
the  zeolites  have  been  proven  successful,  but  only  under  conditions 
that  do  not  exist  in  the  soil.  The  conditions  of  weathering  do  not 
suffice. 

.  >  Colloid  Theory  of  Absorption. 

It  has  already  been  observed  that  many  of  the  soil  grains  are  coated 
with  substances  that  are  of  gelatinous  (colloid)  consistence  when 
the  soil  is  in  its  normal  state  of  moisture.  Among  the  substances 
composing  these  colloid  coatings  are  gelatinous  silica,  hydrated 
silicates,  humates,  iron  and  aluminum  hydrates,  and  probably  the 
phosphates  of  these  two  metals.  Artificial  preparations  of  these  col- 
loids show  them  to  possess  in  very  remarkable  degree  the  absorptive 
properties  above  mentioned,  relative  to  both  mineral  bases,  salts 
and  coloring  matters.  Indeed,  their  quantity  in  clays,  for  example, 
is  now  estimated  by  the  amount  they  absorb  of  certain  dye-stuffs, 
such  as  methyl-green,  and  is  supposed  to  correspond  to  the  degree 
of  plasticity  of  the  clay.  The  colloids  lose  much,  it  not  all  of  their 
absorbent  power  when  dried  so  far  as  to  lose  their  gelatinous  con- 
sistence. Absorbed  bases,  though  largely  removed  by  immediate 
washing,  are  not  entirely  thus  removable,  and  cease,  after  a  short 
time,  to  be  readily  removed  by  this  method.  It  is  common,  there- 
fore, to  ascribe  the  absorption  to  physical  causes,  and  the  subsequent 
loss  of  solubility,  to  a  later  chemical  union  between  the  colloid  and 
the  absorbed  base.  '  < 

Phosphoric  acid  is  readily  absorbed  by  the  colloid  hydrates  of  iron 
and-  alumina,  but  is  only  slightly  removable  therefrom,  even  upon 
immediate  washing.  The  other  common  mineral  soil  acids,  hydro- 
chloric, nitric  and  sulphuric  acids,  are  but  little  absorbed;  although 
small  quantities  are  taken  up,  it  is  supposed  in  the  combinations  of 
their  salts.  The  differences  in  the  kinds  of  materials  absorbed  by 
the  colloid  silica,  silicates  and  humates,  on  the  one  hand,  and  by 
the  colloid  hydrates  of  iron  and  alumina,  on  the  other,  afford  an 
excellent  subject  of  scientific  debate  as  to  the  real  cause  of  the  ab- 
sorption, but  do  not  alter  the  facts  in  which  we  are  chiefly  interested. 
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So  important  have  the  soU  colloids  come  to  be  regarded  in  the 
course  of  the  last  fifteen  years,  that  certain  writers  now  hold  that  a 
soil  without  colloids  is  not  a  soil  at  all,  at  least  in  the  agricultural 
sense  of  a  medium  in  which  crops  can  grow  and  find  their  nourish- 
ment.  To  the  colloids,  are  ascribed  the  power  of  the  soil  not  only  •  ^ 
to  hold  fertilizer  bases  and  phosphoric  acid,  but  also  to  concentrate 
these  bases  in  available  condition  as  they  are  dissolved  by  soil 
moisture  from  the  very  slowly  soluble  rock  particles.  The  agricul- 
tural durability  of  loams  and  heavy  clays,  as  constrayted  with  lighter 
lands,  is  ascribed  to  their  greater  colloid  content. 

Other  writers,  noting  that  the  cell-walls  of  root  tips  and  root 
hairs  are  themselves  composed  of  colloid,  organic  substances,  speak 
of  these  root  materials  as  battling  with  the  soil  colloids  for  their 
share  of  the  recently  dissolved  food  supplies. 

The  fact  that  heavy  loams  and  clays  require  a  larger  percentage 
of  acid-soluble  lime  than  is  needed  in  lighter  soils  to  secure  the  growth 
of  a  lime-loving  vegetation,*  is  thought  by  some  to  be  due  to  the 
great  power  of  the  more  abundant  colloids  of  the  clays  to  seize  upon, 
and  presently  combine  chemically  with  the  lime  present. 

E.  Blanck,!  on  the  other  hand,  upon  the  basis  of  extensive  analyses 
and  repeated  vegetation  experiments,  states  that  many  clastic  sand- 
stones possess  in  the  substance  with  which  their  grains  are  cemented 
together,  an  excellent  food  supply  upon  which  plants  may  flourish 
without  the  aid  of  the  colloids  that  characterize  the  heavy  loams 
and  clays. 

Uses  of  Soil  Colloids. 

A  great  number  of  consequences  of  practical  importance  depend 
upon  these  absorptive  properties  of  soils.    A  few  may  be  suggested : 
Phosphoric  acid  applied  as  a  fertilizer  is  little  in  danger  of  loss 
by  leaching;  jiitrate  nitrogen,  in  relatively  great  danger. 

A  substance  dissolved  from  or  not  wholly  absorbed  by  the  surface 
soil,  may  be  absorbed  by  the  sub-soil,  and  thus  held  back  from  es- 
cape in  the  drainage.  - 

Excessive  applications  of  such  substances  as  potash  salts,  may 
not  be  completely  absorbed,  so  that  the  unabsorbed  excess  may  be 
lost  by  drainage. 

Fresh  supplies  of  soil  moisture  introduced  by  rainfall,  can  take  up 
the  absorbed  substances,  at  least  for  a  short  time  after  they  have 
been  absorbed,  more  readily  than  it  can  dissolve  the  corresponding  - 
substances  originally  contained  in  the  soil  itself. 

When  any  ordinary  fertilizer  material,  or  any  soil  amendment, 
such  as  lime  or  common  salt,  is  added  to  the  land,  its  absorption. 


*Compare  Maercker  and  Hilsard  on  the  line  requirement  of  soils,  p.  62. 
^Landw.  Vers.  Stationen,  77  (1912),  129-216. 
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partial  or  complete,  will  usually  be  attended  by  the  liberation  of 
some  other  substance,  possibly  valuable  as  a  plant  food,  and  thus 
the  action  of  the  added  substance  upon  the  available  plant  food 
stock  of  the  soil  and  upon  the  crop  feeding  thereon,  maybe,  in  part 
at  least,  indirect  rather  than  direct. 
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OHAPTEE  V.    SOUR  SOILS  AND  SOIL  ACIDITY. 


THE  SUBJECT  NEW.  :    .    ■  .  ■ 

The  Roman  writers  on  agriculture,  Cato,  Columella,  Virgil,  Pal- 
ladius  and  Pliny,i  all  observe  that  for  the  production  of  grain,  the 
soil  must  be  "sweet,"  and  that  such  soil  in  an  uncultivated  state 
grows  rushes,  reeds,  grass,  trefoil,  dwarf  elder,  bramble  and  wild 
plums.  They  give  methods  for  testing  the  soil  by  taste  to  discover 
such  as  are  not  sweet.  From  the  descriptions  given  it  is  not  clear, 
however,  that  they  contrasted  sweetness  with  acidity,  so  much  as 
with  bitterness,  which  might  be  due  to  sea-water  or  to  magnesaan 
encrustations. 

The  quality  of  sourness  in  land  has,  nevertheless,  long  been  recog- 
nized in  popular  speech,  but  careful  reading  of  the  writings  of  agri- 
cultural authorities  do  not  show  that  it  was  recognized  as  common, 
except  in  peat  beds  and  swamp  soils.  The  peculiar  unfitness'  of  the  last 
named  lands  to  produce  crops  of  the  desirable  kinds  was  generally 
ascribed  to  the  ferrous  sulphate,  tannins  and  similar  bodies  they  held, 
as  well  as  to  their  characteristic  physical  qualities,  rather  than  to 
their  acidity.    One  exception  was  made,  that  of  peats  ^containing 
sulphid  of  iron  (pyrites),  which  Boussingault  recognized  to  be 
strongly  acid,  and  to  resist  improvement  by  the  usual  methods  except 
when  resort  was  had  to  liming.    Even  in  works  so  comprehensive  as 
Wilson's  "The  Rural  Cyclopedia"^  and  Loudon's  "Encyclopedia  of 
Agriculture,"^  though  they  discuss  soils  and  liming  at  length,  there  is 
no  hint  that  soil  acidity  may  be  at  all  general  in  its  distribution,  and 
have  some  relation  to  the  value  of  lime,  marl  and  other  alkaline 
amendments  long  in  use  upon  soils.  Mulder,*  even  yet  an  accepted  au- 
thority upon  certain  questions  relating  to  the  organic  matters  of 
the  soil,  recognizes,  it  is  true,  those  soils  that  are  water-logged,  so 
that  their  organic  residues  must  undergo  their  slow  decay  in  the 
absence  of  oxygen,  as  "cold  and  sour,"  but  expresses  surprise  that  in 
some  of  these  soils,  free  sulphuric  acid  appears;  that  is,  that  they  are 
sour  in  the  literal  sense.    Coming  down  to  recent  times,  Storer,^  who 
gathered  into  his  writings  from  the  widest  reach  of  agricultural 
literature,  condenses  his  references  to  acid  soils  in  a  section  entitled 
"crude  peat  is  sour,"  and  Hilgard,®  generally  recognized  to  be  one 

^Compare  Dickson,  Husbandry  of  the  Ancients,  Edinbnrg,  1788.    Vol.  I,  Chap.  II, 
■  ''Edinburgh,  1849. 
'Sixth  Edition,  London,  1869. _  ^ 
*  Chemie  der  Ackerwrune,  Leipzig,  1862. 

=  Agriculture  in  Some  of  its  Relations  to  Chemistry,  4th  Ed.,  182,  I,  489.  ■ 
"Soils,  1906,  pp.  122-123. 
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of  the  greatest  living  authorities  upon  soil  chemistry,  followed,  in  | 
the  main,  the  example  of  earlier  writers,  but  briefly  noted  that  the 
peaty  soils  of  European  and  American  woodlands,  upland  as  well 
as  lowland,  exhibit  acidity,  and  adds — ^"It  has  long  been  known  that 
after  long-continued  cultivation,  soils  originally  of  neutral  or  slightly 

basic  reaction  become  acid:   The  matter,  however,  received 

but  scant  attention  until  Wheeler  and  Hartwell  of  the  Ehode  Island 
Experiment  Station  demonstrated  the  almost  universal  acid  con- 
dition of  the  older  lands  of  that  State."  In  a  later  work,^  he  refers 
to  the  usefulness  of  the  litmus  paper  test  for  detecting  soil  acidity, 
and  H.  Snyder,  in  the  same  volume,  says,  "in  interpreting  the  analysis 
of  a  soil,  the  reaction  as  neutral,  acid  or  basic,  should  first  be  noted." 

The  foregoing  somewhat  extended  statement  has  been  made  to 
emphasize  the  fact  that  while  we  are  about  to  enter  upon  the  con- 
sideration of  no  newly  discovered  soil  condition,  the  observations 
upon  the  existence  of  this  condition  in  other  than  peaty  lands,  and 
the  consideration  of  its  positive  correlations  with  crop  development 
and  methods  of  soil  improvement,  have  received  the  earnest  attention 
of  students  of  the  art  and  science  of  agririjlture  only  during  the 
most  recent  years. 

The  lack  of  such  observations  upon  the  soils  earlier  subjected  to 
experiment,  makes  it  impossible  satisfactorily  to  interpret  their  re- 
sults with  respect  to  points  over  which  soil  reaction  is  now  believed 
to  be  influential.  The  comparative  novelty  of  this  study  explains 
also  the  existence  of  great  gaps  in  our  knowledge  upon  the  subject 
with  respect  to  questions  whose  answer  by  comparatively  simple 
experiment  seems  entirely  practicable. 

:  TESTS  FOR  SOIL  ACIDITY. 

Litmus  Paper  Test. 

Litmus,  or  more  strictly  speaking,  azolitmin  (C^H^NO^),  is  a 
coloring  matter  obtained  from  various  lichens  of  the  genera  Jtocella, 
Variolaria  and  Lecanoria,  when  the  latter  are  fermented  under  cer- 
tain conditions.  As  finally  prepared,  it  is  a  blue  solid,  acquiring  a 
copper  luster  when  rubbed,  slightly  dissolved  by  cold  water 
and  benzol,  but  readily  dissolved  by  alcohol  with  the  production  of 
a  red  solution,  and  by  ether,  with  the  production  of  a  yellow  solution. 
When  a  drop  of  the  alcoholic  solution  is  added  to  most  acids,  the 
red  color  changes  to  a  peculiar  pink  tint;  when  ^dded  to  alkalies, 
the  red  changes  to  a  very  pronounced  blue  color.  White,  unsized 
paper,  washed  until  free  from  all  traces  of  acid  and  alkali,  dried  and  \ 
dipped  into  the  alcoholic  solution,  is  impregnated  with  the  color 
and  can  be  used  in  testing  for  acid  or  alkaline  reactions  of  moist 


^  Bailey's  "Cyclopedia  of  American  Agriculture,"  1907,  I,  364. 
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bodies.  Usually,  instead  of  using  a  paper  of  the  neutral  tint,  there 
are  provided  different  litmus  papers  of  the  acid  pink  color  and  of  the 
alkali  blue  tint,  the  former  useful  for  detecting  the  presence  of  an 
alkaline  reaction,  the  latter,  of  an  acid  reaction.  For,  by  this 
method,  the  color  contrasts  obtained  are  greater  than  where  the 
neutral  tint  is  used  for  either  purpose.  The  blue  paper  is,  of  course, 
that  used  for  soil  acidity  tests.  Since  it  changes  in  tint  when 
kept  exposed  to  the  air,  it  is  best  preserved  in  an  air-tight  vessel, 
preferably  in  the  dark  to  avoid  the  bleaching  eflEects  of  sunlight.  Its 
general  value  for  practical  use  lies,  however,  largely  in  the  fact 
that  it  is  more  durable  than  some  other  substances  of  greater  delicacy 
as  indicators,  and  because  of  the  sharp  color  contrast  it  affords.  It 
is  not  delicate  to  very  dilute  solutions  of  phosphoric,  sulphurous, 
carbonic  and  acetic  acids,  nor,  in  general,  to  solutions  of  any  weak 
acid.  It  is  true  that  rather  concentrated  solutions  of  carbonic  acid 
may  give  it  a  slightly  reddish  tone  (wine-red  as  distinguished  from 
the  characteristic  rose-red  color  produced  by  stronger  acids)  but 
this  effect  only  endures  for  a  moment  or  two,  while  that  of  the 
stronger  acids  is  permanent.  It  may,  however,  be  colored  red  by 
acid  perspiration  of  the  hands,  and  so  should  not  be  touched  by 
the  fingers  at  the  end  of  the  paper  strip  to  be  used  for  the  test. 
Blue  litmus  paper  is  sold  by  most  druggists  and  by  all  chemical 
supply  houses. 

The  soil  to  be  tested  is  made  moist  by  the  addition  of  soft  water 
and  worked  into  compact  condition.  A  gash  is  cut  into  the  com- 
pacted soil  by  means  of  a  clean  knife  blade,  the  unflngered  end  of 
the  test  paper  inserted  in  the  gash,  and  the  soil  pressed  closely 
about  the  paper.  An  exposure  of  five  minutes  is  usually  sufficient 
to  secure  the  reaction;  though  in  very  weakly  acid  soils  a  much 
longer  exposure  may  be  necessary.  The  soil  is  opened  about  the 
paper  by  means  of  the  clean  knife,  the  paper  is  freed  from  adherent 
soil  by  waving  it  gently  in  a  vessel  of  soft  water,  the  color  noted 
immediately,  and  again  after  a  few  moments,  to  avoid  possible  error 
due  to  the  temporary  effect  of  carbonic  acid,  which  may  be  present 
in  the  soil  in  quantity  suflficient  to  produce  the  slight,  momentary 
color  effect  above  mentioned.  Another,  slightly  different  method 
requires  the  working  of  the  moist  soil  into  a  compact  ball,  the  break- 
ing apart  of  the  ball  by  an  external  shear  pressure  of  the  hands,  the 
placing  of  the  test  paper  between  the  separated  halves  of  the  ball, 
which  are  then  pressed  closely  together,  thus  held  for  the  requisite 
time,  and  again  separated.  Thereafter  the  paper  is  cleansed  and 
examined  as  above  described.  , 

This  is  the  test  now  most  generally  in  use.    The  color  contrast  is 
indicative  only  of  the  fact  that  the  soil  is,  or  is  not  acid.    The  degree 
of  acidity  is  not  definitely  established  by  this  means. 
6 
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Criticism  has  been  made  that  this  test  is  not  decisive  because 
supposedly  neutral,  colloid  bodies,  such  as  absorbent  cotton,  have 
been  known  to  change  blue  litmus  paper  to  red — a  change  for  which 
the  explanation  of  selective  absorption  by  the  colloid  is  tentatively 
offered.  Since  it  has  not  been  established  by  other,  more  delicate 
tests  that  the  absorbent  cotton  used  in  these  experiments,  was  ac- 
tually not  acid,  the  criticism  lacks  force.  On  the  other  hand,  of 
adjacent  plats  on  the  Pennsylvania  Station  farm  that  have  long  been 
subjected  to  different  fertilizer  treatments,  some  give  pronouncedly 
acid  reactions  with  litmus  paper;  others,  little  or  no  reaction.  Yet 
all  these  soils  contain  colloids,  and  probably  the  same  colloids,  for 
the  most  part. 

Ammonia  Water  Test. 

Fill  a  clean  four-ounce  bottle  of  uncolored  glass  to  one-fourth  of  its 
depth  with  the  soil  to  be  tested.  Add  enough  soft  water  to  fill  the 
bottle  nearly  to  the  neck,  and  a  teaspoonful  of  strong  ammonia 
water.  Stopper  the  bottle  with  a  clean  rubber  or  cork  stopper, 
shake  vigorously,  and  set  in  a  warm  place  to  permit  the  sand  and 
clay  to  settle.  When  the  water  has  become  clear,  examine  the  liquid 
as  to  its  color  by  holding  the  bottle  between  the  eye  and  the  window. 
A  neutral  or  alkaline  soil  will  impart  either  no  color,  or,  at  most, 
a  pale  straw  color  to  the  water;  acid  soils,  a  deep  brown  to  almost 
black  tint.  The  intensity  of  the  color  increases  with  the  degree  of 
acidity,  but  Wheeler,  who  studied  the  reaction  with  the  idea  that  it 
might  be  useful  as  a  measure  of  the  degree  of  acidity,  did  not  obtain 
results  sufficiently  concordant  to  make  it  the  basis  of  a  quantitive 
method. 

It  is  always  difficult  to  indicate,  especially  to  those  who  have  not 
learned  by  constant  use  the  words  employed  to  designate  particular 
tints,  any  particular  color  by  the  name  given  to  it  by  color  experts. 
Comparative  tests  with  soils  known  to  be  neutral  or  alkaline  will, 
of  course,  give  the  requisite  contrast,  but  the  difficulty  is  to  make 
sure  of  the  exact  condition  of  the  soil  taken  as  a  standard.  In  lack 
of  a  more  perfect  standard,  it  will  be  best  to  employ  the  mixed  soil 
taken  from  different  parts  of  some  field  that  has  recently  been  well 
limed,  and  hence  is  probably  free  from  any  large  degree  of  acidity. 

lodid  of  Starch  Test. 

O.  Loew^  suggests  the  following  method  for  the  detection  of  acidity 
in  soils:  To  10  grams  of  the  soil,  add  10  cubic  centimeters  of  a 
one-per  cent,  solution  of  potassium  iodid  in  water;  heat  for  5-10 
minutes  in  a  boiling  water  bath,  add  a  few  drops  of  potassium  ni- 
trate (saltpeter)  and  cool  quickly.    If  the  soil  be  acid,  the  liquid 

^  Zeitsehrift  liiBdw.  Versuchsw.  Oesterr.,  12  (1909)  461-463^  ~~  " 
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will  assume  a  dark  blue  color  owing  to  the  liberation  of  iodin  by 
the  potassium  iodid  and  its  subsequent  union  with  the  starch  to 
form  the  blue  iodid  of  starch.  This  method  has  not  been  extensively 
tested  in  America.* 

HOW  DO  SOILS  BECOME  ACID? 

In  the  early  paragraphs  of  the  previous  chapter,  it  was  noted  that 
rain-water,  and  all  other  waters  containing  carbonic  acid,  dissolve 
away  the  alkalies,  lime  and  magnesia  as'  acid  carbonates  from  the 
rocks  more  rapidly  than  the  associated  rock  materials  are  removed; 
also,  that  the  same  process  continues  in  the  soil.  It  is  readily  seen 
that,  in  this  manner,  rocks  and  soils  tend  to  be  deprived  of  the 
substances  that  can  act  to  make  them  show  an  alkaline  reaction. 
This  process  would  account  very  simply  for  an  alkaline  soil  that  is 
much  exposed  to  leaching,  finally  becoming  neutral  or  free  from 
alkaline-reacting  stibstances. 

Our  problem  requires,  however,  more  tlian  that.  We  must  explain, 
if  possible,  how  the  soil  comes  constantly  to  show  a  positive  acid 
reaction. 

Relations  of  Silicic  Acid. 

Except  when  limestones  are  the  parent  rocks  of  the  soil,  the 
original  soil  materials  exist  as  silicates.  In  such  case,  the  weak 
solution  of  carbonic  acid  robs  the  silicates  of  their  bases.  What 
then  becomes  of  the  silica?  Part  of  it  dissolves  also,  but  most  of 
it  is  left  behind  in  a  gelatinous  form  that  is  so  weakly  acid  as  not 
to  affect  the  color  of  litmus.  This  gelatinous  coating  tends  also 
to  lose  water  rapidly,  and  either  to  fall  into  a  powder  composed  of 
shapeless  (amorphous)  particles,  or  to  unite  to  form  crystals  of 
quartz  or  other  solid  bodies.  That  is,  the  silica,  even  in  its  most 
active  state,  wiU  not  give  the  acidity  reaction  with  litmus,  and  so 
cannot  directly  account  for  the  facts  here  considered. 

O.  Loew,^  discussing  the  acidity  common  in  the  red  clay  soils  of 
Porto  Eico,  although  they  are  derived  from  limestone  rocks,  states 
that,  since  these  acid  soils  are  sometimes  quite  free  from  humus,  the 
cause  of  the  acidity  must  be  found,  not  in  organic  matter,  but  in 
the  mineral  constituents  of  these  soils.  He  ascribes  their  acid  prop- 
erties to  the  presence  of  an  acid  clay  or  aluminum  silicate,  H^Al^SijOg, 
which  does  not  always  react  definitely  with  litmus,  but  gives  quan- 
titative reactions  with  his  iodid  of  starch  reagent,^  which  serves  to 
determine  the  amoTint  of  lime  necessary  for  neutralization. 

*J.  A.  Hanley  (J.  Agr.  Sci.,  6,  63-76)  states  that  on  boiling  a  neutral  or  alka- 
line soil  for  two  hours  with  a  1.25  per  cent,  solution  of  cane  sugar,  the  sugar  remains 
comparativelj'  unchanged:  but,  with  an  acid  soil,  a  marked  inversion  to  reducing 
sugar  occurs',  and  suggests  that  this  difference  in  behavior  may  be  useful  as  a  test 
for  acidity. 

1  Porto  Rico  Agrl.  Expt.  Station,  Bulletin  No.  13.  '  ■ 

'  See  p.  80,     ~  '  ' 
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>:  Influence  of  pyrites. 

Iron  pyrites  (FeSg)  are  common  rock  constituents.  They  are 
usually  present  in  but  small  amounts,  though  in  alum  shales,  the 
slates  associated  with  the  coal  measures,  and  in  some  other  cases, 
they  occur  in  relatively  large  proportions.  When  the  pyrites  weather, 
they  first  oxidize,  forming  ferrous  sulphate,  commonly  known  as 
"green  vitriol"  (FeiSO^).  This  compound  is  not  stable  or  durable  in 
the  presence  of  water  or  of  moist  air,  but  is  converted  first  into  basic 
sulphates  of  iron  and  then  into  iron  hydroxids  that  are  little  soluble. 
In  these  changes,  the  sulphur  is  finally  liberated  as  sulphuric  acid. 
If  the  surrounding  materials  contain  alkaline  substances,  3^ith  which 
the  acid  can  unite,  it  is  promptly  neutralized;  but  otherwise  it  is 
carried  away  in  the  drainage  to  work  its  acid  effects  at  a  distance. 
In  the  coal  regions  of  Pennsylvania,  wherever  the  coal  outcrops  on 
a  hillside,  the  soil  for  some  distance  below  the  outcrop  is  exposed 
to  the  action  of  the  weathering  pyrites  associated  with  the  coal;  and 
often  such  soils  show  no  growth  of  white  or  red  clover  and  few  of  the 
sweet  grasses,  but  thick  meshes  of  dewberry  vines.  Stream  banks 
washed  by  streams  into  which  mine  waters,  acid  from  the  same 
cause,  are  discharged,  exhibit  like  characters  of  vegetation. 

Keference  has  been  made,  in  an  earlier  part  of  this  chapter,  to  the 
long  recognized  fact  that  many  swamps  and  peat  soils  contain  pyrites 
which  contribute  to  their  acidity.  In  such  deposits,  sulphur  exhibits 
an  interesting  cycle  in  its  changes  of  combination.  Beginning  as 
a  sulphate,  it  is  reduced,  in  the  absence  of  an  abundance  of  air,  to 
the  condition  of  a  sulphid,  in  part,  at  least,  by  the  action  of  special 
bacteria  which  steal  the  oxygen  from  the  sulphates.  The  sulphid 
sulphur  combines  with  iron  to  form  the  pyrites;  and,  when  brought 
into  contact  with  air-containing  water,  these  take  up  oxygen,  re- 
forming the  sulphate,  in  the  manner  above  related. 


Furnace  and  coke  oven  fumes  as  a  cause  of  acidity. 

The  Hartz  Mountain  region  of  Germany  is  the  seat  of  a  great 
metal-producing  industry.  A  Wilier^  observed  that  many  of  the 
areas  of  that  region  are  treeless.  He  found  the  treeless  (deforested) 
soils  had  lost  their  lime  very  largely  and  become  highly  acid,  and 
attributed  this  acidity  and  corresponding  loss  of  tree  vegetation  to 
the  action  of  the  sulphur  dioxid  of  the  furnace  fumes.  The  observa- 
tion is  suggestive  with  respect  to  soil  conditions  in  the  vicinity  of 
the  great  coke  and  furnace  industries  of  Pennsylvania. 

^Pflanzenwachsthum  u.  Kalkmangd  im  Boden,  Berlin,  1912. 
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Aluminum  salts  as  a  source  of  acidity. 

Abbott,  Conner  and  Smalley,^  in  investigating  the  causes  of  unpro- 
ductiveness of  certain  marsli  lands  near  Kankakee,  concluded  that, 
in  some  cases,  it  was  due  to  the  presence  of  aluminum  nitrate.  This 
salt  has  an  acid  reaction,  and  in  dilute  solution  was  found  to  equal 
niti'ic  acid  of  the  same  degree  of  concentration  (normality)  in  its 
toxic  effects  upon  plants.  Treatment  with  certain  agents  made  pro- 
ductive the  artificial  solutions  of  this  salt,  the  water  extract  of 
the  soil,  and  the  soil  itself. 

Decay  of  Plant  Residues  in  the  Soil. 

When  plants,  or  their  roots  and  stubble,  are  turned  under  by  the 
plow  or  die,  under  natural  conditions,  they  do  not  long  remain 
unchanged,  but  decompose  more  or  less  rapidly,  according  to  their 
nature  and  surrounding  conditions.  The  fact  that  they  often  con- 
tain considerable  amounts  of  organic  acids,  such  as  citric  and  tar- 
taric, does  not  warrant  the  assumption  that,  upon  decay  of  the 
tissues,  these  acids  are  immediately  set  free  to  work  an  acid  effect 
upon  the  soil.  The  soils  are  inhabited  by  various  mold  species  in 
varying  numbers,  and  these  molds  readily  utilize  such  organic  acids 
as  foods.  In  addition  to  molds,  certain  bacilli  also  vigorously  con- 
sume these  acids.  While  we  possess  some  information  concerning  the 
acidity  of  certain  soils  before  and  after  the  removal  of  certain  crops, 
this  information  does  not  enable  us  to  judge  in  how  far,  if  at  all, 
the  unchanged  constituents  of  the  roots  share  in  the  observed  effects, 
to  which  reference  will  be  made  in  a  later  section. 

When  the  roots  and  the  plowed-under  tops  decay  in  the  soil,  they 
break  up  finally  into  water,  carbonic  acid  and  nitrogen  or  ammonia, 
together  with  mineral  residues.  But  this  process  is  neither  instan- 
taneous, nor  direct.  Certain  constituents,  such  as  the  sugars  and 
starches,  are  doubtless  quickly  destroyed,  whereas  portions  of  the 
woody  matter  and  of  the  nitrogenous  substances  yield  less  readily 
to  the  decomposing  agencies;  and  many,  under  suitable  conditions 
remain  in  somewhat  modified  state  of  composition  for  years.  More- 
over, in  the  course  of  decomposition,  a  long  series  of  intermediate 
products  is  formed  from  most  plant  constituents  before  the  final 
breaking  down  into  the  simple  materials  is  effected.  Some  of  these 
intermediate  products  are  acid;  some,  including  ammonia,  alkaline 
in  their  effects;  while  the  mineral  residues  are  predominatingly 
alkaline,  just  as  we  observe  plant  ashes  to  be  when  the  decomposition 
of  the  plant  is  quickly  effected  by  burning. 

By  what  agencies  is  the  decomposition  of  plant  residues  in  the 
soil  effected,  is  a  question  that  requires  brief  consideration.    At  one 

^Purdue  Univ.  Agr.  Exp.  Station,  Bull.  No.  170,  329-374. 
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time  it  was  supposed  that  the  process  was  purely  chemical,  and  _ 
that  it  was,  when  air  had  free  access,  simply  a  slow  oxidation  or  com- 
bustion, ereniacausis ;  and  where  the  air  was  limited  or  excluded, 
a  slower,  more  complex  process,  putrefaction.  At  that  time,  however, 
it  was  not  known  that  the  soil  is  inhabited  by  numerous  microscopic 
organisms  of  various  kinds  and  powers,  bacteria,  yeasts,  molds  and 
the  like,  often  to  the  number  of  280  millions  in  a  single  ounce  of  the  , 
soil.  When  the  fact  of  their  existence  in  the  soil  was  discovered, 
the  questions  promptly  arose— "What  are  they  doing  here?"  Have 
they  anything  to  do  with  these  changes  heretofore  assumed  to  be 
purely  chemical?" 

Decay  chiefly  due  to  action  of  minor  organisms. 

Carbonic  acid  gas  is  always  given  off  during  the  decay  of  organic 
matters  in  well  ventilated  soils.  H.  Wollny,^  by  a  beautifully  simple 
experiment,  compared  the  rates  at  which  this  gas  was  given  off  in 
soils  mixed  with  decaying  manure  when  the  soil  mixture  had  been 
sterilized  by  heating  for  six  hours  at  115°C.,  or  when  it  had  been 
treated  with  a  strong  antiseptic  solution  of  corrosive  sublimate,  as 
compared  with  the  rate  for  the  untreated  soil,  the  conditions  of  soil 
moisture,  ventilation  and  temperature  being  the  same  in  each  case. 
Be  found,  in  repeated  trials,  that  the  soil  sterilized  by  heat  or  by 
the  added  antiseptic,  almost,  if  not  entirely  ceased  to  give  off  carbonic 
gas;  whereas,  the  untreated  soil  gave  it  off  in  abundance.  By 
similar  experiments,  Schloesing  and  A.  Mtintz,^  proved  that  the 
conversion  of  ammonia  to  nitric  acid,  in  a  soil  where  this  change 
took  place  rapidly,  was  absolutely  stopped  by  adding  a  little  chloro- 
form or  by  heating  the  soil  to  the  boiling  point  of  water.  These 
results  have  been  abundantly  confirmed  by  other  investigators. 

Similar  results  have  attended  later  experiments  relative  to  other 
kinds  of  change  that  are  observed  when  organic  materials  decompose 
in  the  soil. 

Our  questions  are  therefore  answered.  These  decompositions  are 
largely,  if  not  entirely,  the  work  of  the  minute  organisms  dwelling 
in  the  soil.  Accordingly,  the  products  from  the  same  fresh  plant 
material  must  vary  with  the  kinds  of  organisms  present,  and  with 
the  existence  of  conditions  favorable  or  unfavorable  to  their  activity. 

Common  fermentations. 

The  fermentations  we  know  best  are  those  which  fruit  juices,  such 
as  cider;  more  solid  fruit  and  grain  products,  such  as  fruit  butters 
and  bread;  and  albuminous  substances,  such  as  meat,  cheese  and 

^  Die  Zersetzung  der  organischen  Stoffe  und  die  Humusbil-iimgen,  Heidelberg, 
"^^^Comptes  rendus.  80,  1250;  84,  3017;  85,  1018;  86,  892. 
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eggs,  undergo  when  too  long  kept  exposed  to  inoculation  with  the 
various  ferments  of  the  air.  To  the  builder  and  owner  of  frame  build- 
ings and  fences,  the  various  "rots"  of  wood  are  distressingly  familiar, 
if  not  well  understood.  Cider  turns  ''hard,"  that  is,  has  its  sugar 
turned  to  alcohol ;  and,  under  proper  conditions,  this  turns  to  vinegar, 
whose  most  prominent  constituent  is  acetic  acid.  Starch  paste 
sours  with  the  formation  of  lactic  and  butyric  acids.  Molds  attack 
the  sugars  and  acids  of  our  fruits  and  fruit  preparations  and  tend 
to  leave  an  alkaline  residue.  Meats  and  the  like  putrefy,  give  off 
sulphur  as  hydrogen  sulphid  and  other  ill-smelling  compounds,  form 
some  of  the  lower  fatty  acids — propionic  and  butyric,  and  change 
their  complex  nitrogenous  compounds  to  ammonia.  The  decayed 
portions  of  wood  show  mold  invasion,  and  do  not  appear  strongly 
acid.  Tan  bark  suffers  like  changes,  but  the  tannin  is  more  resistant 
than  the  woody  matter,  and  concentrates  as  the  decay  of  the  bark 
goes  on. 

Furthermore,  in  addition  to  the  minor  organisms  and  their  active 
secretions,  plant  substances  carry  within  their  own  cells,  unorganized 
ferments,  zymases,  by  which  many  of  these  decompositions  are  be- 
gun— oxidations,  conversions  of  starch  to  sugar,  liberation  of  fatty 
acids  from  oils,  breaking  down  of  albuminoids  to  simpler  bodies. 

Bacteriologists  have  found  that  the  soil  contains  both  minor  or- 
ganisms and  zymases  able  to  effect  practically  all  the  kinds  of  fer- 
mentative change  observed  in  the  air,  but  the  soil  conditions  modify 
the  rate  of  action  and  the  fate  of  the  decomposition  products; 
whereas,  in  our  domestic  and  manufacturing  operations,  we  control 
the  conditions  so  as  to  hold  the  fermentation  products  at  the  desired 
stage  of  breaking  down. 

Fermentation  Products  in  Soils.  ' 

Soils  mixed  with  large  amounts  of  green  manures  have  shown 
traces  of  sugar.  Soils  rich  in  organic  matter  yielded  to  A.  Muntz,^ 
very  small  amounts  of  alcohol.  Formic,  acetic,  propionic,  and  buty- 
ric acids  have  long  since  been  identified,  in  very  small  amounts, 
in  various  soils.-  When  we  place  corn  or  other  green  forage  com- 
pactly in  a  silo,  an  acid  fermentation  sets  up,  the  principal  acids 
formed  being  acetic  and  lactic.  When  cabbage  is  similarly  packed 
with  salt  in  making  "sauer-kraut,"  lactic  acid  is  formed.  It  would 
appear  highly  probable  that  when  a  heavy  green-manuring  crop  is 
turned  under  with  too  fiat  a  furrow,  so  that  the  soil  covering  ex- 
cludes the  air,  a  like  development  of  lactic  acid  may  occur.  When 
nitrogenous  matters  decay,  ammonia,  or  rather  its  compounds,  ap- 
pear very  early  among  the  fermentation  products.    Under  favorable 

^  Comptes  rendus,  92,  499. 

"Compare  Wollny,  work  previously  cited. 
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conditions  of  moisture,  certain  soil  organisms  convert  the  ammonia 
rapidly  into  nitric  acid.  But  the  qualities  of  all  these  acids  and  the 
quantities  in  which  they  have  thus  far  been  found  in  the  soil,  are 
altogether  insufficient  to  account  for  the  degree  and  kind  of  acidity 
often  observed,  however  they  may  share  in  causing  a  temporary 
acidity  in  the  early  stages  of  crop  decay.  They  deserve,  therefore, 
more  extensive  search  for  their  presence  in  the  soil  than  they  have 
thus  far  received. 

HUMUS. 

The  surface  soil  of  most  lands  contains  usually  from  1  to  4 
per  cent,  of  plant  and  animal  residues,  so  far  decomposed  that  their 
original  structure  is  no  longer  visible.  In  peats  and  swamps,  the 
percentage  proportion  of  such  residues  of  plant  decay  are  far  greater, 
though  here  the  original  structure  is  not  always  entirely  destroyed. 
The  term  "humus"  has  been  generally  used  to  designate  these  residues, 
although,  at  the  present  time,  scientific  writers  tend  to  limit  the 
application  of  the  term  to  such  parts  only  of  the  residues  as  are 
soluble  in  weak  alkaline  liquids.  In  this  bulletin,  the  broader 
meaning  of  the  term  will  be  adopted.  Since,  in  plow  lands,  the 
dry  surface  soil  to  plow  depth  often  weighs  1,500,000  to  2,000,000 
pounds  per  acre,  it  will  readily  be  seen  that  the  weight  of  the  dry 
humus  in  such  lands  may  run  from  15,000  and  less  up  to  80,000 
pounds  and  more  an  acre,  quantities  vastly  superior  to  the  weight 
of  dry  material  brought  into  the  soil  by  the  turning  under  of  the 
heaviest  green  manure  or  the  heaviest  living  sod.  Of  this  humus, 
while,  in  some  cases,  sufficient  quantities  are  soluble  in  water  to 
give  color  to  the  ponds,  rivulets  and  streams  with  which  the  humus 
comes  into  contact,  most  of  it  is  not  readily  dissolved  by  water. 

Kinds  of  humus. 

According  to  the  nature  of  the  plant  materials  from  which  it  is 
derived  and  also  to  the  conditions  of  their  decay,  the  resultant 
humus  differs  greatly  in  kind  and  amount.  The  kinds  observed  have 
been  classified  in  a  preliminary  jvay.  A  very  brief  statement  of 
Wollny's  classification  follows:^ 

I.    Products  of  Eremacausis  (Slow  oxidation): 
(a)  Mild  humus:  Formed  under  favorable  conditions:  (Usually  alkaline  or  neutral 
in  reaction) . 

1.  Field  humus:  Derived  from  crop  and  manure  residues,  and  rarely  accumu- 
lating in  open  soils,  except  when  under  sod. 

2.  Forest  humus:  Derived  from  tree  roots;  usually  like  field  humus,  but 
differing  where  more  compact  soils  and  lower  forest  temperatures  retard 
decay . 

3.  Leaf  mold:  Derived  from  forest  leaves;  usually  in  a  thin  layer  well  mixed 
with  mineral  matter,  with  molds,  yeasts,  bacteria  and  animal  organisms 
abundant.  The  mold  from  different  tree  leaves  favors  the  development  of 
distinctive  flora. 


^  Work  earlier  cited,  pp.  195-214. 


87 


4.  Stream  mold:  A  tliin  layer  occurring  in  oxygen-rich  waters  and  derived 
from  animal  excrement,  algae  and  infusoria. 

(b)    Crude  humus:  Formed  under  less  favorable  conditions  of  oxidation.  (Often 
but  not  always  distinctly  acid).  i  a 

5.  Raw  humus  of  the  steppes  or  prairies:  Dark,  fine  grained,  derived  chiefly 
from  grasses  and  found  especially  on  loose  soils;  6  to  16  per  cent,  in  soil. 

6.  Raw  humus  of  marshes:  Derived  from  water  plants  and  water  animals, 
upon  very  fine  grained  soil  partially  exposed  to  air;  5  to  10  per  cent,  in  soil. 

7.  Heather  raw  humus:  Derived  chiefly  from  heather  and  members  of  the 
cranberry  family  on  dry  upland  soils. 

8.  Raw  humus  of  the  forest:  Derived  from  leaves,  also  heather,  ferns,  rho- 
dodendrons, mosses  and  the  like,  when  the  leaves  are  compacted,  and  the 
soil  dry. 

9.  Raw  humus  of  meadows:  Derived  from  grasses,  sedges,  etc.,  when  the 
turf  is  very  dense  and  the  soil  is  wet. 

II.    Products  of  Putrefaction: 
Found  where  air  is  almost  entirely  excluded  by  standing  water.    Products  dark 
brown  or  brownish  black.    Structure  of  original  plant  partially  visible.  Pro- 
ducts not  quicklv  oxidized  when  air  access  is  secured.    Usually  distinctly  acid. 

10.  Green  land  or  low-land  moors:  Usually  found  in  low-land  stream  banks 
or  estuaries  of  the  sea.  Derived  from  reedy,  sedgy  marshes  and  mosses- 
plants  that  grow  with  their  tops  in  the  air,  but  with  their  roots  submerged. 
Soil  varies  in  texture,  but  waters  well  supplied  with  lime. 

11.  Upland  moors:  Formed  in  upland  wet  spots,  supplied  with  soft  water, 
and  largely  derived  from  Sphagnum  and  other  mosses,  and  usually  starting 
upon  a  substratum  of  meadow,  forest,  or  heather. 

12.  Mixed  moors:  Moors  that  show  both  lowland  and  upland  types  in  different 
parts  of  the  formation. 

13.  Stream  slime:  Similar  in  origin  to  stream  mold,  but  found  where  the 
waters  are  sluggish  and  ill-supplied  with  oxygen. 

Suggestive  and  valuable,  therefore,  as  is  the  foregoing  classifica- 
tion, it  utterly  fails  to  take  note  of  the  numerous  cases  in  which 
mowing  and  plow  lands  develop  acidity.  Evidently  some  factor  or 
factoi's  of  humus  formation  must  come  into  consideration  other  than 
that  of  soil  ventilation,  to  account  for  the  conditions  now  known 
to  occur  with  frequency  in  cultivated  lands.  .  ' 

Chemical  nature  of  humus.  ;    •     •  • 

a.    Elementary  composition. 

The  woody  frame-work  of  plants  is,  of  the  more  abundant  parts, 
that  least  readily  destroyed  by  ordinary  fermentations.  It  is  chiefly 
composed  of  cellulose  and  similar  non-nitrogenous'  materials,  com- 
pounds of  carbon  together  with  hydrogen  and  oxygen,  the  latter 
united  in  the  proportions  in  which  they  combine  to  form  water 
(H2O),  the  formula  for  cellulose  being  CigHooOjo.  When  carbohy- 
drates, to  which  class  cellulose  belongs,  are  powerfully  oxidized  under 
controlled  conditions,  part  of  the  carbon  is  given  oft"  as  carbon  dioxid 
gas,  and  part  remains  as  an  acid.  In  the  latter  product,  the  propor- 
tion of  oxygen  to  carbon  and  hydrogen  is  greater  than  in  the  original 
carbohydrate.  When  plant  residues  oxidize  in  the  soil  under  con- 
ditions of  good  ventilation,  and  of  suitable  moistness  and  tempera- 
ture, there  is  likewise  a  large  development  of  carbon  dioxid.  When, 
on  the  other  hand,  the  aeration  of  the  soil  is  deficient,  there  is  a 
marked  development,  under  alkaline  conditions,  of  marsh  gas  or 


methane  (CH^),  the  fire  damp  of  the  coal  mine;  if  under  acid  con- 
ditions, this  is  accompanied  in  a  larger  measure  by  free  hydrogen 
gas.  The  proportion  between  the  three  elements  in  the  solid  fermen- 
tation residues,  is  quite  different,  therefore,  from  that  observed  in 
the  ordinary  simple  oxygen-acids  of  the  plant  kingdom. 

The  following  table,  arranged  by  Hilgard,^  well  illustrates  the  di- 
rection of  changes  during  the  formation  of  humus: 

"^Soil's,  p.  127.  ~~ 
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The  table  shows  a  relative  increase  of  carbon,  and  a  comparatively 
steady  increase  of  hydrogen  and  oxygen  in  the  humus  and  from  that 
to  the  coals.  Whatever  may  be  true  of  individual  components  of  the 
humus,  the  complex  material  as  a  whole  does  not  show  such  increase 
in  oxygen  content  as  that  which  appears  when  sugar  is  changed  to 
alcohol  and  then  to  acetic  acid. 


Rediiciug  Sugar. 

Carbon  Dioxid. 

Alcohol. 

(1)  

  CoHiiOo 

2C0:  + 

2  OzHaO 

Alcohol 

Oxygen 

Acetic  Acid 

Water. 

(2)  

  CoHoO  + 

Oj 

=        C.HjOo  + 

In  another  respect,  humus  differs  from  the  oxygen  acids,  namely 
in  its  nitrogen  content.  The  real  condition  of  combination  of  this 
nitrogen  is  unknown  save  that  it  is  only  sparingly  present  in  such 
forms  as  will  readily  give  off  ammonia  under  mild  chemical  treat- 
ment. Furthermore,  humus  often  exhibits  the  power  to  combine  with 
ammonia  and  hold  the  latter  against  such  mild  treatment;  so  that 
the  ammonia  is  not  held  as  the  base  of  an  ordinary  salt,  which  would 
split  off  as  ammonia  under  such  treatment.  This  constituent  is 
more  firmly  combined. 

Substances  composing  humus. 

Mulder,^  about  the  middle  of  the  last  century,  studied  the  sub- 
ject with  much  care,  considering  the  relatively  slight  progress  of  or- 
ganic and  quantitive  chemistry  at  that  time.  He  tested  the  residues 
from  plant  and  animal  decay,  as  though  they  were,  at  advanced 
stages  of  decomposition,  relatively  simple  substances,  and  vainly 
worked  to  obtain  satisfactory  notions  of  the  composition  of  these 
substances.  The  products  forming  brown  humus,  he  called  "ulmin" 
substances  ;those  forming  black  humus,  "humin"  substances.  By  the 
solvent  action  of  mild  alkalies,  he  separated  each  into  two  portions: 
An  indifferent  portion,  called  tihnin  or  humin  according  to  the  color 
of  the  original  material ;  and  an  acid  portion,  called  ulmic  or  Jiumic 
acid,  correspondingly.  Besides  these,  he  included  the  crenic  and  apo- 
crenic  acids  earlier  described  by  Berzelius,  as  derived  from  humus, 
but  quite  readily  soluble  in  water,  and  said  to  be  found  commonly 
though  in  very  small  amounts,  in  spring  and  river  waters. 

Chemists  have  not  regarded  as  at  all  probable  the  formation  from 
so  various  materials  and  under  such  differing  conditions,  of  so  few, 
highly  organized  decomposition  products;  but  believe  the  substances 
obtained  by  Mulder's  method  must  be  complexes  of  many  materials, 
rather  than  simples  of  definite  composition. 


'Work  earlier  cited,  Vol.  I,  pp.  239-277. 
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The  difficulties  of  tlie  work  have,  howevei",  until  recently  prevented 
other  attempts  at  fundamental  studies  of  the  nature  of  humus,  and 
the  analyses  usually  made  have  followed  closely  the  paths  trodden 
by  Mulder.  It  is  needful,  therefore,  that  we  gather  what  little  we 
may  of  value  for  our  present  purpose,  from  the  investigations  of 
Mulder,  and  from  the  slight  additions  made  by  the  many  users  of 
his  method. 

Mulder^  observes  that  the  humus  is  but  slightly  dissolved  by  water,* 
but  that  upon  its  digestion  with  a  solution  of  caustic  potash  and" 
the  faint  acidulation  of  the  resultant  potassium  ulmate  or  humate 
solution  with  mineral  acid,  the  ulmic  or  humic  acid,  freed  and  puri- 
fied from  the  mineral  acid  by  washing,  now  appears  to  be  quite  soluble 
in  water.  The  nature  of  the  alkali-soluble  material  has  changed,  he 
says,  by  reason  of  its  contact  with  the  alkali.  Before  such  contact, 
it  was  not  acid;  but,  upon  contact,  it  immediately  developed  acid 
properties.  He  does  not,  however,  refer  here  to  its  reaction,  but 
only  to  its  soluMlity  in  loater. 

He  further  states  that  ulmic  acid  on  ageing,  changes  to  humic; 
also  that  these  indifferent  substances,  upon  exposure  to  air,  slowly 
form  organic  water-soluble  substances;  rapidly,  Avhen  boiled  Avith 
strong  alkali. 

Studies  of  the  behavior  of  ulmic  and  humic  acids  toward  various 
basic  substances,  led  to  the  conclusion  that  their  corresponding  salts 
were  similar  in  solubility:  Those  with  potash,  soda  and  ammonia, 
freely  soluble;  those  with  lime,  magnesia,  iron,  manganese  and  alum- 
ina, insoluble  or  but  very  slightly  soluble ;  double  salts  containing  an 
alkali  and  also  an  alkaline  earth  or  metallic  oxid,  insoluble  or  nearly 
so,  the  solvent  in  each  case  being  water;  also  that  apocrenates  of 
the  alkalies  are  soluble;  of  iron  and  manganese,  moderately  soluble; 
of  lime,  magnesia  and  alumina,  insoluble;  and  that  crenates  of  the 
alkalies,  lime,  magnesia  and  ferrous  iron  are  soluble;  of  ferric  iron 
and  manganese,  less  soluble;  of  alumina,  insoluble. 

Recently  discovered  humus  substances. 

Within  a  very  few  years,  Schreiner  and  a  small  group  of  asso- 
ciates in  the  U.  S.  Bureau  of  Soils,  have  been  applying  more  modern 
methods  to  the  determination  of  the  nature  of  the  substances  com- 
posing humus.  Thus  far,  they  have  made  no  exhaustive  study  of  this 
material  in  a  single  soil,  but  have  devoted  themselves  rather  to  find- 
ing out  what  definite  organic  compounds  they  can  isolate  from  the 

'Work  earlier  cited,  I.  pp.  249-250. 

*Peat, -earden  earth  and  leaf-mould  are  noted  as  yielding  considerable  humic  and 
ulmic  acids  to  water,  which  he  explains  upon  the  assumption  that  these  kinds  of 
humus  contain  much  carbonate  of  ammonia  as  a  product  of  decay,  and  that  this 
acts,  in  these  cases,  as  an  aid  to  solution. 
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humus  of  various  soils.  They  furnish  no  data  sufficient  for  dis- 
cussions of  quantity,  but  have  made  most  valuable  contributions  to 
our  information  concerning  the  kinds  of  substances  present  in  humus. 

It  has  been  stated  above  that,  when  the  alkaline  extract  from  a 
humus  is  made  faintly  acid  by  addition  of  a  mineral  acid,  the  ulmic 
or  humic  acid  is  thrown  out  of  solution,  appearing  as  a  dark,  gela- 
tinous precipitate.  Not  all  the  dissolved  organic  matter  enters  this 
precipitate,  which  consists  simply  of  the  material  that  is  soluble  in 
weak  alkali,  but  not  in  neutral  or  faintly  acid  water.  The  sub- 
stances soluble  in  both  alkaline,  and  neutral  or  faintly  acid  water — 
that  is,  those  not  precipitated  by  the  foregoing  method — were  the 
chief,  if  not  exclusive  subjects  of  these  recent  studies.  E.  C.  Shorey^ 
summarized  the  discoveries  as  follows: — 

Thirteen  organic  acids,  (picoline  carboxylic,  dihydroxystearic, 
agroceric,  monohydroxystearic,  paraffiuic,  lignoceric,  oxalic,  succinic, 
saccharic,  acrylic,  nucleic,  and  several  unidentified  resin  acids),  nine 
organic  bases,  (histidine,  arginine,  cytosine,  xanthine,  hypoxanthine, 
lysine,  choline,  trimethylamine  and  adenine)  besides  thirteen  sub- 
stances of  comparatively  neutral  character.   He  adds : — 

"Organic  acids  make  up  a  large  proportion  of  the  organic  matter  in  the  soil  and 
when  the  great  variety  of  acids  in  the  plant  tissues  and  the  proportion  of  the  or- 
ganic matter  of  plants  made  up  of  this  group  of  compounds  is  considered,  as  well 
as  the  fact  that  the  other  groups  of  compounds  in  both  plants  and  animals  yield 
acids  on  decomposition,  this  preponderence  of  organic  acids  in  the  organic  matter 
of  soils  becomes  a  matter  not  only  easily  explained  but  one  to  be  expected.  There 
is  no  reason  why  any  of  the  organic  acid  found  in  plants  or  found  in  the  decompo- 
sition of  plant  or  animal  remains  should  not  be  found  at  some  time  in  some  soils. 
Tlae  great  variety  of  organic  acids  possible  from  these  sources,  and  their  sus- 
ceptibility to  change  under  soil  conditions  tends  to  bring  about  an  individuality 
of  soils  in  respect  to  organic  acid  content  much  more  pronounced  than  is  possible 
with  any  other  group  of  organic  compounds. 

"Organic  bases  that  occur  in  plants  or  animals  or  arise  in  the  decay  of  the  same 
are  comparatively  few  in  number,  and  the  nine  so  far  isolated  from  soil  probably 
make  up  half  or  more  of  those  likely  or  of  probable  occurrence  in  soils.  The  demon- 
stration of  the  presence  of  organic  bases  in  soils  is  of  rather  more  than  usual  in- 
terest in  view  of  the  prevailing  idea  that  soil  organic  matter  is  primarily  acid  and, 
further,  from  the  fact  that  those  nitrogenous  compounds  have  been  shown  to  be 
directly  assimilated  by  plants  as  well  as  furnishing  much  of  the  material  from  which 
nitric  acid  is  generated  in  the  process  of  nitrification." 

The  same  writer^  reports  the  presence,  in  certain  sandy  soils  of 
^lorida,  of  the  aromatic  substances,  benzoic  and  hydroxy-toluic  acids, 
and  vanillin. 

We  may  remark  upon  these  results,  that  the  possibilities  of  dis- 
covery of  additional  acid  substances  is  by  no  means  exhausted,  since 
the  portion  of  the  humus  that  is  soluble  in  alkaline,  but  not  in  neu- 
tral or  faintly  acid  solution,  has  not  yet  been  thoroughly  studied,  nor 
the  portion  insoluble  in  alkaline  solution;  also,  that  these  discoveries 
widen  greatly  the  probabilities  that  humus  of  various  sources,  con- 
ditions of  formation,  and  age,  will  be  found  to  differ  more  widely  in 
its  range  of  qualities  and  relationships  to  plant  growth  than  the 
present  humus  classification  suggests. 


Proceedings,  8th  Internat.  Cong,  of  Applied  Chemistry,  1912,  XV,  247-252. 
'J.  Agr.  Research,  1,  357-363. 
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Possible  Relation  of  Colloids  to  Apparent  Soil  Acidity. 

It  has  been  stated  iu  an  earlier  paragraph,  that  practically  all 
soils  contain  colloid  substances — that  is,  substances  which,  when 
moist,  assume  a  gelatinous  condition.  These  colloids  include  both 
mineral  materials,  such  as  clay,  and  also  portions  of  the  humus.  All 
colloids  appear  to  possess,  in  some  measure,  the  power  to  fix  dis- 
solved solids,  not,  it  is  claimed,  by  chemical  combination,  but  merely 
by  some  physical  influence.  The  substances  thus  held  are  slowly  re- 
moved by  washing,  sometimes  quickly  by  the  passage  of  an  electric 
current  through  the  colloid  when  it  is  saturated  with  and  surrounded 
by  water.  According  to  J.  Konig,,  J.  Hasenbilumer  and  C.  Hass- 
ler/  when  soils  are  treated  with  potassium  hydrogen  phosphate,  the 
potassium  is  absorbed  by  the  colloidal  materials  of  the  soil,  while  the 
phosphoric  acid  is  fixed  by  chemical  union  with  the  lime,  iron  oxid  or 
alumina  in  the  soil.  The  potash  is  readily  removed  by  electric  cur- 
rent, the  phosphoric  acid  is  not  thus  removable. 

Since  the  colloids  tend  to  absorb  the  bases  of  salts,  and  leave  the 
acids  uncotQbined,  this  separation  may  account,  in  some  degree  at 
least,  for  various  instances  of  soil  acidity,  when  that  is  indicated 
by  a  reaction  between  the  soil  and  a  solution  of  a  neutral  salt. 

Many  soils,  the  watery  extracts  from  which  are  not  acid  to  litmus, 
nevertheless  give  such  reaction  when  the  entire  moist  soil  is  brought 
into  contact  with  this  reagent.  Indeed  Gedroitz^  was  so  much  im- 
pressed with  this  fact  that  he  proposed  to  classify  soils  with  respect 
to  acidity  into  three  classes: 

a.  Soil  acid  to  litmus,  water  extract  acid:  very  deficient  in  base. 

b.  Soil  acid  to  litmus,  water  extract  neutral:  partly  unsaturated 
with  base. 

c.  Soil  neutral,  water  extract  neutral:  entirely  saturated  with 
base. 

A.  Baumann  and  E.  Gully^  were  led  to  compare  the  reactions  of 
peaty  moor  soil  with  that  of  the  original  sphagnum  moss  from  which 
the  peat  is  derived.  They  found  the  latter  also  was  acid  to  litmus. 
Holding  that  indicators  are  not  useful  for  determining  the  reaction 
of  insoluble  substances,  like  sphagnum  or  peat  moss,  or  of  pseudo- 
acid  solutions,  they  concluded  that  the  apparently  acid  property 
of  sphagnum  and  its  derived  peat,  was  in  reality  due  to  colloidal 
absorption  by  these  substances. 

A.  Rindell*  has  checked  the  work  of  Baumann  and  Gully  in  much 
detail,  and  has  reached  the  opposite  conclusion,  namely,  that  the 
action  of  added  salts  upon  sphagnum  is  chemical,  that  the  latter 
substance  unites  with  the  bases  of  the  salts  leaving  the  acid  free; 

'Landw.  Versuchs-Stationen,  75  (1911)  377-441. 

'Zhur.  OpuTtn.  Agron.,  12,   (1911)  529-245,  •  - 

'Mittheil.  K.  Baver.  Moorkulturanstalt,  1910,  Nr.  4,  31-156. 
"Internat.  Mittheil.  Bodenkunde,  1  (1911)  67-80. 
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and  rejects  absolutely  the  colloidal  theory  of  the  nature  of  the  action 
of  sphagnum.  He  writes,  moreover,  that  many  peats  not  containing 
sphagnum,  are  likewise  acid. 

B.  Tacke,  H.  Stichtiug  and  their  associates,^  and  also  S.  Oden,^ 
made  numerous  experiments  upon  this  subject,  and,  like  Eindell, 
reject  the  Baumann  and  Gully  theory. 

On  the  other  hand,  A.  Wieler,^  who  studied  also  the  action  of  pine 
needles,  deciduous  leaves,  fibers  of  cotton  and  flax,  and  cellulose 
prepared  from  Cruciferous  plants,  found  that  all  developed  an  acid 
reaction,  but  exhibited  no  such  electrical  conductivity  as  is  commonly 
associated  with  an  acid  condition.  For  this  reason,  he  agrees  with 
Baumann  and  Gully  in  attributing  the  acid  indications  to  colloidal 
absorptions. 

Eichhorn,*  and- others  had  earlier  found  that  soils  rich  in  humus, 
and  containing  free  humic  acids,  liberate  the  acid  from  neutral 
salts  when  the  latter  are  brought,  in  solution,  into  contact  with 
such  soils;  but  that  if  the  humic  acid  is  already  combined  with  bases, 
such  liberation  of  acid  from  added  neutral  salts  does  not  occur. 

N.  Solenow^  also  notes  that  the  difficultly  soluble  organic  acids  of 
the  humus  liberate  mineral  acids  that  may  act  injuriously  upon 
plants  growing  on  the  soils  affected. 

J.  E.  Harris,®  comparing  acid  soils  of  a  sandy  loam  type  with 
kaolin,  observes  that  the  latter  shows  in  its  native  state  no  power 
to  withdraw  bases  from  the  neutral  solution  of  a  salt,  but  when  some 
of  its  own  basic  material  is  removed  by  acid  extraction,  the  solid 
residue  behaves  in  like  manner  with  the  acid  sandy  loam  by  withdraw- 
ing basic  materials  from  neutral  solutions  of  such  salts  as  potassium 
nitrate,  sodium  acetate  and  sodium  chlorid.  He  notes,  also,  that 
after  the  organic  matter  of  the  brown  sandy  loam  has  been  destroyed 
by  boiling  sulphuric  acid  and  freed  from  the  acid  by  washing,  the 
white  residue  exhibits  the  same  degree  of  power  to  decompose  neutral 
salts  solutions  as  is  possessed  by  the  original  loam.  He  concludes, 
therefore,  that,  in  the  case  of  soils  of  this  type,  the  acid  properties 
are  due  not  to  the  humic  acids  remaining  in  the  soil,  but  to  silicate 
colloids  comparatively  free  from  bases  probably  because  of  the  action 
of  such  acids  as  oxalic,  acetic,  etc.,  that  formed  soluble  salts  and 
thus  combined,  were  removed  in  the  drainage. 

^Landw.  Jahrbucher,  41  (1911)  717-754. 

^Ark.  Kemie,  Min.  och.  Geol.  4,  (1912)  Art.  24,  No.  3. 

'Ber.  d.  bot.  Gesellsehaft,  30  (1912)  394-406. 

^Landw.  Jahrbiicher.    1877,  I,  957 

■^Die  Bodenaciditiit,  u.  ihre  Bedeutung  f.  d.  Kulturboden:  Inaug.  Dissert.,  Jena, 
1909. 

«Mich    Agr.  Coll.  Expt.  Station,  Technical  Bull,  No.  19. 
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Fertilizers  as  a  Direct  Source  of  Acid.  '  ■  > 

There  is  a  very  general  belief  that  fertilizers,  and,  in  particular, 
such  as  contain  acidulated  phosphates,  contribute  materially  to  the 
development  of  acidity  upon  cultivated  lands.    In  a  later  paragraph, 
the  results  of  actual  trials  will  be  presented.    Here  we  may  briefly 
consider  the  possibility  of  such  direct  action  of  acid  phosphate.  This 
product  is  made  by  mixing  ground  phosphate  rock  and  sulphuric 
acid  in  proper  proportions.    The  sulphuric  acid  enters  into  combina- 
tion with  the  lime  to  form  calcium  sulphate— ordinary  land  plaster. 
Of  free  sulphuric  acid  in  the  product  there  is  practically  none.  The 
fertilizer  does  show  an  acid  reaction;  but  it  is  due  to  a  little  free 
phosphoric  acid  and  to  the  mono-calcic  pliosphate  (water-soluble) 
present;  the  di-calcic  phosphate  is  of  alkaline,  rather  than  acid  re- 
action to  litmus.    Taking  for  illustration  the  case  in  which  an  acid 
phosphate  containing  14  per  cent,  available  phosphoric  acid  of  which 
0.5  per  cent,  is  free  phosphoric  acid,  and  13.5  per  cent,  is  combined  as 
monocalcic  phosphate,  is  applied  at  the  rate  of  200  pounds  per  acre," 
17.95  pounds  of  lime  (CaO) ,  equivalent  to  32.1  pounds  of  calcium  car- 
bonate would,  if  thoroughly  mixed  with  the  phosphate,  suffice  to  con- 
vert these  acid  constitutents  to  the  faintly  alkaline  di-calcic  phos- 
phate; but  this  weight  of  lime  is  only  about  .001  per  cent.  (  ) 
of  the  weight  of  the  surface  soil.    It  would  take  a  long  while  and  a 
large  amount  of  phosphate  to  make  a  soil  acid  by  such  direct  action. 
Only  in  case  of  heavy  dressings  at  the  time  of  planting  or  seeding,  in 
exceptionally  dry  seasons,  is  any  "burning"  of  .  the  sensitive  young 
plants  due  to  this  cause,  observed.  '  . 

Physiological  Acidity. 

When  observations  were  made  upon  plant  nutrition  by  the  method 
of  water-culture,  in  which  the  food  elements  were  supplied  in  various 
salts  dissolved  in  the  water  about  the  plant  roots,  it  was  early  noted 
that  a  given  kind  of  plant  did  not  consume  at  equal  rates  the  basic 
and  acid  constituents  of  the  several  salts;  that  is,  if  ammonium 
chlorid,  for  example,  were  supplied,  the  ammonium  was  utilized  by 
the  plants  more  largely  than  the  chlorin,  and  the  latter  element 
tended  to  increase  in  proportion  to  the  other  elements  in  the  nutrient 
solution,  where  it  was  found  to  exist  as  free  hydrochloric  acid  (HCl). 
The  result  was  the  development  of  an  acid  condition  of  the  solution, 
even  when  the  reaction  had  originally  been  slightly  alkaline. 

Some  of  the  more  recent  studies  of  this  change  deserve  attention. 
J.  A.  Meschenhaupt^  found  that  neutral  solutions  of  sodium  nitrate 
became  alkaline  when  used  a  culture  medium  for  plants.  The  ef- 
fects were  slight,  but  definitely  measurable.    Eye  in  water  culture 

~^erslag.  Landbouwk.  Onderzoeg.  Rykslandsbouwproefstat  (Netherlands).  1911, 
pp.  50-93.' 
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oansecl  the  developmeut  of  .006-normal  alkalinity;  corn  in  sand 
culture,  .028-normal  alkalinity.  On  the  other  hand,  corn  grown 
in  sand  culture  with  ammonium  sulphate  solution  developed  0.15- 
normal  acidity;  and  with  ammonium  chlorid,  so  much  acidity  as 
distinctly  to  injure  the  plant  roots.  With  nitrates,  other  than  that 
of  sodium  already'  mentioned,  on  the  other  hand,  alkalinity  was 
developed,  in  the  following  order  as  to  alkaline  degree:  Potassium, 
calcium,  ammonium,  the  latter  but  faintly  so.  Solutions  of  the 
chlorids  and  sulphates  of  potassium,  sodium,  magnesium  and  calcium 
all  became  weakly  alkaline.  The  author  believes  the  observed  con- 
dition of  the  nutrient  solutions  after  exposure  to  plant  action,  is  due, 
in  part,  to  the  excretion  of  potassium  and  calcium  compounds  by 
the  plant  roots. 

T.  Shulow,^  found  tluit  solutions  of  ammonium  nitrate  exposed 
to  absorption  by  corn  plants  six  weeks  old,  remained  neutral. 

J.  F.  Breazeale  and  J.  A.  LaClerc,^  working  with  wheat  seedlings 
i-n  water  cultures,  found  the  residue  from  sodium  nitrate  alkaline 
after  five  days  action  of  the  plant  roots ;  but,  after  action  for  a 
second  period  of  equal  length  with  a  new  lot  of  seedlings,  the  residue 
was  acid,  though  the  nature  of  the  free  acid  was  not  determined. 
They  found  also  that  distilled  water  became  acid  from  five  days  ex- 
posure to  the  seedling  roots,  though  the  seedlings  had,  before  the 
test,  been  carefully  soaked  in  water  to  remove  the  immediately  soluble 
constituents;  also,  that  potassium  chlorid  and  sulphate  left  dis- 
tinctly acid  residues — wliereas  Meschenhaupt  had  obtained,  with 
corn,  alkaline  residues  from  the  salts. 

Changes  of  the  same  kind  tend  to  be  produced  in  ordinary  soils 
by  plant  action,  as  we  shall  presently  see.  It  is  improbable,  because 
of  the  differing  food  requirements  of  different  plant  species,  that  all 
will  produce  the  same  kind  and  degree  of  effect  in  the  soil. 

Acidity  d,ue  to  Sulphur  used,  as  Fungicide. 

Hulphur  is  being  used  in  rather  large  amounts,  several  hundreds 
of  pounds  an  acre,  as  a  remedy  for  potato  scab.  Dendon^  found  that, 
on  soils  containing  several  per  cent,  of  calcium  carbonate,  that  is, 
on  alkaline  soils,  the  application  of  flowers  of  sulphur  caused,  within 
twenty  days,  a  large  increase  in  the  water-soluble  sul])hates,  in  one 
instance,  from  .062  per  cent,  to  .970  per  cent.,  stated  in  terms  of 
the  corresponding  barium  sulphate;  and  also  that  the  conversion  of 
the  sulphur  to  the  sulpliate  was  due  to  bacterial  action.  This  latter 
finding  was  later  confirmed  b}^  work  of  Brioux  and  Guerbet.*  H. 
C.  Lint,"  of  the  New  -Jersey  Experiment  Station,  has  very  recently 

'^Zhnv.  Opvtn.  Agron.  13  (1912T,  200-206^ 
^Bul.  No.  149,  U.  S.  Burpau  of  Chemistrv. 
='Comptes  rendu? ,  156  (1913)  725. 
"lb.,  156  (1913)  p.  1476. 

=Joxir.  Industrial  &  Eng.  Chemistry,  6  (1914)  747-8. 
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reported  that  of  a  600-pound  sulphur  application  much  remained  un- 
changed in  the  soil  when  the  potato  crop  was  harvested;  but  that, 
under  laboratory  conditions  in  which  the  most  favorable  moisture 
relations  were  steadily  maintained,  an  application  equivalent  to 
1,000  pounds  an  acre  was  completely  changed  to  sulphate  in  seven 
weeks,  in  an  acid  soil  with  a  lime  requirement  (Jones  Method)  of 
2,347  pounds  an  acre-foot.  The  oxidation  of  the  sulphur  in  this  case 
resulted  in  an  increase  of  soil  acidity  precisely  equivalent  to  the 
amount  of  sulphur  applied. 

General  Remarks  as  to  Causes  of  Acidity. 

Sufiflcient  has  been  said  as  to  the  causes  tending  to  produce  soil 
acidity,  to  show  that  many  conditions  to  which  soils  are  exposed, 
have  that  tendency;  also,  to  indicate  that  the  acid-acting  substances 
are  probably  numerous,  rather  than  few  and  simple;  and  conse- 
auently  that,  as  the  subject  is  further  investigated,  we  shall  be  able 
to  distinguish  far  better  than  now,  between  these  kinds  of  acidity, 
their  permanence,  effects  and  remedies.  .  •  ; 

PLANT  SENSITIVENESS  TO  ACIDITY. 
Moore,  Koaf  and  Knowles,^  in  studying  the  effect  of  the  reaction 
of  culture  media  upon  plant  roots,  found  that,  at  least  for  some 
plants,  the  least  amount  of  free  acid  in  the  medium  arrests  the  cell 
division  and  growth  at  the  root  tip,  while  dilute  alkali  stimulates 
the  tip  to  very  great  sub-division  of  cell-nuclei,  the  first  step  in  the 
making  of  new  cells,  that  is,  in  the  adding  of  neAV  structural  units 
to  the  root. 

Breazeale  and  LeClerc,  in  the  study  above  cited,  found  that,  in 
acid  solutions,  the  wheat  roots  were  short,  stubby,  often  discolored, 
enlarged  at  the  tip,  and  sometimes  curved  into  fish-hook  shape.  This 
character  developed  in  five  days,  at  the  end  of  which  time,  the  acidity 
of  the  potassium  chlorid  was  equal  to  14.6  grams  of  hydrochloric 
acid  in  a  million  of  the  solution;  that  of  the  potassium  sulphate, 
equal  to  29.4  grams  of  sulphuric  acid  in  a  million  of  the  solution; 
or,  in  per  cent.,  000146  per  cent,  of  hydrochloric  acid  and  .000294 
per  cent,  of  sulphuric  acid.  These  figures  show  how  very  small  an 
amount  of  free  mineral  acid  can  work  a  clearly  developed  injury 
within  a  few  days  upon  wheat  roots.  ■  , 

The  sensitiveness  of  wheat,  barley,  oats  and  rye  was  studied  by 
B.  L.  Hartwell  and  F.  E.  Pember.-  Alkalinity,  up  to  such  degree  as 
resulted  in  precipitation  of  some  of  the  constituents  from  the  water 


^Biochem  .Tournal,  3  (1908),  279. 

''Rep.  R.  I.  AgT.  Exp.  Station,  1907,  358-380. 
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culture  solution,  worked  no  apparent  injury;  nor  did  an  acidity  of 
N-5,000  or  less,  (corresponding  to  7.28  parts  of  hydrochloric  acid 
or  9.8  parts  of  sulphuric  acid  in  a  million)  ;  but  when  the  degree 
of  acidity  was  increased  to  N-2,500,  N-1,700  and  N-1,250  (equivalent 
to  14.56,  21.4  and  29.12  parts  of  hydrochloric  acid  per  million),  the 
green  weights  of  the  seedlings  were  only  80,  60  and  40  per  cent,  re- 
spectively of  those  produced  in  neutral  solutions.  These  investi- 
gators observed,  in  this  connection,  that  although  barley  gains  more 
than  rye  when  limed,  it  is  not  more  sensitive  to  acidity.  The  same 
writers  found^  that  barley  and  rye  were  likewise  equally  injured  by 
the  action  of  ferrous  sulphate,  the  more  as  the  quantity  applied  of 
this  iron  salt  was  increased. 

K.  K.  Gedroitz^  studied  the  behavior  of  a  number  of  crop  plants 
with  various  alkalies,  salts  and  acids,  to  determine  the  lowest  and 
highest  proportions  of  these  several  substances  that  could  be  used 
in  a  water-culture  solution  without  the  injury  or  death  of  the  plants. 
From  the  results,  he  concluded  that  the  order  of  susceptibility  of 
the  plant  species  to  acid,  beginning  with  the  most  resistant,  was: 
Flax,  mustard,  vetch  and  barley ;  their  ^order  of  suceptibility  to  alka- 
linity, beginning  with  the  least  resistant,  was:  Flax  and  mustard; 
oats  and  barley  showing  the  greatest  variability. 

CALCIPHILE  AND  CALCIFUGE  PLANTS . 

It  has  been  noted  that  certain  plants,  such  as  the  sugar  beet 
and  the  common  red  clover,  flourish  particularly  well  in  soil  con- 
taining abundance  of  lime;  hence,  such  plants  are  called  "calciphile," 
or  lime-loving.  Others,  such  as  the  sorrel  {Rumex  aceto sella) ,  sea 
pine,  chestnut  and  lupin,  eifher  grow  with  less  luxuriance  upon 
lime  soils  than  upon  soils  deficient  in  this  ingredient,  or  are  injured 
or  absolutely  destroyed  by  liming.  Such  plants  are  called  "calci- 
fuge,"  or  lime-avoiding.  The  growth  of  such  plants,  as  indicative  of 
the  nature  of  the  soil  and  in  its  relation  to  the  agricultural  applica- 
tion of  lime,  will  be  considered  in  another  connection.  It  is  of 
interest  here  to  note  that  the  calcifuge  plants  are  not  devoid  of  lime, 
but  often  contain  large  amounts  of  it.  Thus,  the  ash  analyses  of 
the  sugar  beet,  compiled  by  Wollf,  show  in  the  ash  of  the  root  6 
per  cent.,  and  of  the  top,  20  per  cent,  of  lime,  while  those  of  the 
lupin  show  in  the  seed-ash  7.5  per  cent,  and  in  that  of  the  straw 
about  23  per  cent. ;  that  is,  the  proportion  of  lime  in  the  ash  of  the 
calcifuge  plant  was  actually  the  larger.  If,  in  like  manner,  a  com- 
parison be  made  between  the  ashes  of  the  chestnut  and  of  the  white 
oak,  the  latter  growing  especially  well  upon  calcareous  soil,  it  is 

^Report  R.I.  Agr.  Exp.  Station,  1908  ,  286-294. 
*Zhur.  Opytn.  Agron.,  11  (1910)  544-578. 
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found  that  the  ashes  of  the  chestnut  contain,  the  bark  47  per  cent., 
the  wood  49  per  cent,  of  lime;  and  those  of  the  white  oak,  the  bark 
52.73  per  cent,  and  the  wood  29.85  per  cent,  of  lime.^ 

Fliche  and  Grandeau^  have  made  an  interesting  study  of  the  sea 
pine.  The  tree  prospers  only  on  soils  quite  poor  in  lime.  Analyses 
were  made  of  twigs:  (1)  taken  from  a  tree  growing  on  a  soil  con- 
taining .05  per  cent,  of  lime  in  the  surface,  and  0.20  per  cent,  in  the 
subsoil;  (2)  from  a  tree  growing  in  a  soil  containing  in  the  surface 
3.25  per  cent.,  and  in  the  subsoil  24.04  per  cent.;  (3)  for  comparison, 
the  composition  of  the  ash  of  the  Austrian  black  pine,^growing  well 
on  lime  soil,  was  determined;  the  percentages  of  lime  were  (1)  40.2, 
(2)  56.1,  (3)  49.1;  that  is,  the  ash  of  the  calcifuge  plant  contained 
about  as  much  lime  as  the  calciphile  when  both  grew  upon  soils 
best  adapted  to  their  normal  development.  When  the  sea  pine  was 
grown  upon  a  calcareous  soil,  its  content  of  lime  was  abnormally 
increased,  and,  curiously,  the  percentage  of  potash  was  reduced  two- 
thirds;  the  loss  of  vigor  on  the  limey  soil  is  probably  due  to  the 
deficiency  of  potash. 

Heinrichs  states  that  lime  is  certainly  not  lacking  when  the  hedge 
vetch,  birds'-tare,  chick-weed,  vetch  and  red  and  other  clovers  form 
the  natural  vegetation,  or  when  the  oak,  birch  and  locust  flourish 
nearby;  but  that  a  deficiency  of  lime  is  to  be  suspected  when  there 
is  a  large  quantity  of  sorrel  (Rumex  Acetosella)  or  ChrysanthemKin 
segatiini;  though  no  importance  is  to  be  attached  to  the  presence 
of  single  individuals  of  the  latter  species  for  the  reason  that  sorrel 
has  been  observed  growing  in  marl  pits,  and  in  culture  pots  whose 
soil  contained  as  much  as  1  per  cent,  of  lime.  This  author  states 
that  few  plants  are  really  injuriously  affected  by  lime  and  says 
that  Ufflemann's  supposition*  that  hearts-ease,  quick-grass  and  chamo- 
mile disappear  after  a  liming,  is  not  credible. 

A.  Bernard^  mentions  the  sand  or  maritime  pine,  the  chlorotic 
varieties  of  the  grape,  the  broom,  digitalis  and  the  chestnut,  as  plants 
preferring  non-calcareous  soil.  Speaking  of  the  latter  in  particular, 
he  urges  that  where  the  chestnut  flourishes,  the  soil  will  be  found 
poor  in  lime,  even  though  the  geological  formation  from  which  it  is 
derived  ordinarily  yields  a  calcareous  soil.  Thus,  examining  the 
soil  about  the  roots  of  a  chestnut  growing  in  a  calcareous  woodland 
of  Ardeche,  France,  he  found  from  traces  up  to  only  0.6  per  cent, 
of  lime. 

The  laurel  and  wintergreen  may  also  be  mentioned  as  plants  pre- 
ferring non-calcareous  soils. 

~Of.  Handbook  of  Exp.  Station  Work,  1892,  p.  411. 
^Ann.  CMm.  Phys.,  (4)  29,  383.  :^  •    '    '      ■  ' 

'^rergel  u.  Mergln,  1893,  pp.  20-21. 
*Ib.,  p.  23. 

=Le  Calcaire,  268.  ,  : 
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Wheeler,  Hartwell  and  Tucker^  mention,  as  characteristic  of  the 
vegetation  of  certain  acid  upland  soils  of  Rhode  Island,  birds-foot 
violet  [Viola  pedata,  L.),  wild  or  beard  grass  [Andropogon  scoparius, 
Mx.),  species  of  St.  John's  wort  {Hypericum) ,  common  or  soft  rush 
moses;  while  common  sorrel  [Ruinex  Acetosclla,  L.)  appears  as 
soon  as  cultivation  is  begun. 

Hilgard-  devotes  two  chapters  to  the  recognition  of  the  character 
of  soils  by  aid  of  their  natural  vegetation,  and  holds  strongly  to 
the  position  that  not  only  soil  texture  and  moisture,  but  also  its 
chemical  characters,  especially  its  limey  condition,  as  contrasted 
with  a  lime-poor  state,  are  positively  determining  of  the  kind  of 
vegetation  the  respective  soils  favor.  He  speaks  of  the  lime-poor 
soils  as  "sour,"  indicating  that  soil  reaction,  not  merely  its  lime 
content,  is  here  significant.  As  indicative  of  lime-rich  soils,  the 
v.ell-developed  black,  red,  Spanish  and  white  oaks,  the  various  hick- 
ories, walnut,  linden  and  tulip  trees,  in  the  South;  large  sassafras, 
linden,  sugar  maple,  honey  locust,  crab-apple,  red  haw,  hackberry, 
Kentucky  coffee  tree  and  mixlberry  in  the  Northern  Central  States, 
are  trees  mentioned  by  Hilgard;  also,  in  the  latter  region,  the  polar 
plant  {Silphium  lacimatum) ,  the  prairie  burdock  (S.  terehinthina- 
ceum),  the  swamp  rose-mallow  (Hibiscus  moschcntos) ,  sneezewort 
{Heleneum  autumnale),  and  wild  indigo  {Baptisia  tinctoria  and 
B.  leucophaea) ;  the  fall  growths,  iron  weed  (Yernonia) ,  several 
Eupatoriums  (E.  Berfoliatum  and  purpureum) ,  the  white  and  purple 
bonesets  and  the  blue  spiked  Verbena  -  in  the  middle  West,  the  larger 
species  of  sunflower,  ragweed,  and  larger  golden-rods;  also,  of  the 
asters,  A.  novaeanyliae;  also,  of  the  legumes,  the  clovers,  lupines  and 
Astragalus. 

As  marking  lime-poor  lands,  on  the  other  hand,  the  tall,  thin 
scarlet  oak,  the  upland  willow  oak,  the  barrens  scrub  oak,  the  small 
black  gum,  the  short  leaved  pine,  the  low  huckleberry,  cypress,  the 
pines  and  chestnut,  among  the  trees;  the  gallberry  [Prinos  glaber), 
candleberry  {Myrica  Carolina)  and  sedges,  are  indicative,  according 
to  Hilgard. 

Moreover,  this  authorit}^  notes  that  not  all  legminous  plants  fail 
to  thrive  on  non-calcareous  soil.  The  species  of  the  genera  Desmo- 
dium,  ( 3leihomia)  and  Lespedeza  seem  lime-indifferent;  while  the 
"devils's  shoes'trong"  (Tephrosia  virginica)  in  Mississippi  and  North- 
ern Alabama  is  associated  with  tree-vegetation  characteristic  of  the 
poorest  non-calcareous  lands. 

Considering  the  number  of  factors  that  influence  plant  life,  and 
the  great  number  of  plant  species  with  their  characteristics  of  dis- 
tribution and  habitat,  it  would  scarcely  be  credible  that  all  these 

^Report  R.  I.  Asr.  Exp.  Station,  189.5,  240. 
^Soils,  1906,  Chaps.  24  and  25. 
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species  could  be  sharply  divided  into  two  groups  oppositely  influenced 
by  any  one  factor.  We  should  expect  on  the  contrary,  that  this 
sensitiveness  to  the  development  of  a  single  growth-factor,  would 
be  clearly  displayed  by  comparatively  few  plants;  while  a  large  num- 
ber of  species  would  be  indifl^erent  to  quite  wide  ranges  of  difference 
in  one- soil  factor,  but  in  turn  relatively  sensitive  to  others. 

We  have  reason  for  believing  that  a  very  large  fraction  of  the 
lime-loving  plants  are  acid-sensitive,  and  most  of  the  "calcifuge" 
or  lime-avoiding  plants  are  either  indifferent  to  or  favorably  af- 
fected by  an  acid  condition  of  the  soil.  Speaking  upon  this  point, 
A.  D.  HalP  names  soil_  texture  as  the  primary  factor  influencing 
plant  adaptation,  and  soil  reaction  as  the  factor  of  next  importance, 
but  adds,  "On  the  other  hand,  it  can  hardly  be  doubted  that  there 
is  what  might  be  called  a  positive  calcareous  factor,  so  specially 
associated  are  certain  plants  with  soils  rich  in  carbonate  of  lime, 
and  so  entirely  absent  are  they  from  other  soils  that  are  perfectly 
neutral,  but  which  contain  only  a  small  proportion  of  lime."  The 
lime  is,  however,  a  positive  factor,  benefitting  certain  plants  espe- 
cially, rather  than  working  especial  injury  to  others. 

The  behavior  of  "red  top"  or  sorrel  (Rumex  Acetosella)  is  a  case 
right  in  point  Avith  this  statement  by  Hall.  It  replaces  clover  and 
sweet  grasses  on  acid  soils,  but  grows  thriftily  on  mortar-beds  and 
other  calcareous  places  when  other  species  are  not  present  to  crowd 
it  out.  ' 

Wheeler  and  Adams^  report  the  growth  of  crop  plants  upon  acid 
soils,  as  observed  with  and  without  liming:  Lima  beans  grow  well 
on  soil  so  acid  as  to  destroy  lettuce,  spinach,  beets,  onions, 
asparagus  and  muskmelon;  liming  was  distinctly  disadvantageous; 
pumpkins,  squashes,  asparagus  and  rhubarb  all  were  helped  by  lim- 
ing; likewi.se  the  Fay  and  White  Dutch  currants  and  the  Cuthbert 
raspberry;  while  the  Ohio  black-cap  raspberry  was  injured  by  liming. 
The  Snyder  blackberry  thrives  on  an  acid  soil,  but  gave  variable 
results  under  liming;  the  American  Bell  cranberr}^  was  injured  by 
liming,  but  throve  on  an  acid  soil.  Among  flowers,  the  poppy  and 
pansy  were  helped  hj  liming;  Zinnia  grew  on  soil  sour  enough  to 
kill  the  poppy. 

From  these  numerous  and  usually  harmonious  observations,  it  is 
clear  that,  for  most  farm  ci'ops,  the  development  of  an  acid  condi- 
tion of  the  soil  vitally  affects  the  health  and  vigor  of  development 
of  the  crops;  also,  that  the  changing  character  of  the  wild  vegeta- 
tion on  the  soil  is  suggestive  of  the  probable  nature  of  the  soil 
defect.  .    _  . 

~^^ov.  Hort.  Society  (London)  36  (1910)  1-21.  ^ 
^Bul.  No.  96,  R.  I.  Agr.  Exp.  Station. 
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INFLUENCE  OF  SOIL  ACIDITY  UPON  SOIL  MICRO-ORGANISMS. 

Within  a  comparatively  recent  time,  we  have  come  to  know  that 
the  soil  is  peopled  by  an  immense  number  of  microscopic  organisms — 
bacteria,  yeasts,  molds,  protozoans,  etc.,  each  group  represented  by 
many  species,  and  each  species  having  its  own  functions,  products 
and  range  of  life  conditions.  Some  of  these  live  in  the  most  intimate 
relationships  with  plant  roots,  as  for  example.  Bacterium  radicicola, 
the  tubercule-forming  organism  of  the  legumes,  while  others  live  more 
independently.  Bacteriologists  have  separated  but  few  of  the  many 
species  probably  represented  in  this  soil  population,  and  the  life 
conditions  of  these  species  have  been  but  imperfectly  ascertained. 

We  know,  however,  that  many  species  have  the  power  of  decompos- 
ing nitrogenous  organic  matters  so  as  to  form  ammonia,  and  that 
others  convert  the  ammonia  to  nitrous  acid,  and  still  others  change 
that  acid  to  nitric  acid ;  also  that  these  changes  are  highly  important 
to  plant  growth.  We  know,  further,  that  still  other  organisms  can 
break  down  the  nitric  acid  and  its  compounds,  the  nitrates,  so  as 
to  liberate  the  nitrogen  as  a  gas,  which  is  lost  from  the  soil,  di- 
minishing its  crop-producing  capacity.  Finally,  we  recognize  that 
other  organisms,  such  as  the  Asotohacter  can,  under  suitable  life 
conditions,  cause  free  nitrogen  from  the  air  to  combine  with  organic 
matters  in  the  soil,  and  thus  add  to  its  store  of  plant  food. 

There  have  been  many  observations  upon  the  efi'ects  of  soil  acidity 
upon  the  organisms  causing  the  changes  just  noted.  Some  of  these 
can  best  be  presented  in  connection  with  the  chapter  on  liming,  but 
a  few  of  the  more  general  results  will  here  be  presented.  In  an  earlier 
page,  in  discussing  the  nature  of  humus  formation,  it  was  observed 
that  the  evolution  of  carbon  dioxid  from  decaying  vegetation  was 
the  result  of  the  activity  of  the  micro-organisms  of  the  soil.  Other 
conditions  being  equal,  the  volume  set  free  of  this  gas  affords  a  fair 
measure  of  the  degree  of  action  of  these  lower  organisms.  Wollny^ 
determined  the  quantities  of  carbon  dioxid  given  off  from  a  neutral 
soil  and  from  portions  of  the  same  soil  made  acid  by  means  of  mineral 
acids,  with  results  as  follows: 


In  every  case,  where  acid  was  added,  fermentative  activity  grew 
less;  nitric  acid  was,  of  the  acids  tried,  most  depressing;  phosphoric 
acid,  least.    Wollny  states,  in  the  same  connection,  that  a  very  slight 

^Work  earlier  cited,  p.  128. 


Parts  CO,  from 
1000  parts  of  soil. 


Soil,   

Soil  -I-  Hydrochloric  acid  (.01%  of  soil), 
Soil  -I-  Hydrochloric  acid  (.02%  of  soil). 
Soil  -1-  Sulphuric  acid  f.01%  of  soil),  ... 

Soil  4-  Nitric  acid  (.01%  of  soil),   

Soil  -1-  Phosphoric  acid  (.01%  of  soil),  . 
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acidity  of  the  medium  absolutely  stops  nitrification,  even  when  the 
free  acid  is  one  of  the  products  of  the  fermentation  process,  nitrous 
or  nitric  acid. 

J.  Stoklasa^  states  that  the  amount  of  acid  calcium  carbonate  in 
drainage  waters  is  a  measure,  not  of  the  lime  contained  in  the  re- 
lated soil,  but  of  the  bacterial  activity  therein,  and  that  the  greatest 
degree  of  activity  is  manifested  in  soils  that  are  neutral  or  slightly 
alkaline  and  well  supplied  with  plant  food. 

H.  Jensen^  was  able  to  find  no  nitrifying  organisms  in  the  acid 
heather  and  moor  soils  of  Jutland. 

J.  W.  Peterson  and  P.  K.  Satt^  likewise  found  sour  soils  very  un- 
favorable to  nitrifying  bacteria. 

F.  P.  Veitch,-^  discussing  the  results  of  pot  experiments  on  numerous 
soils  whose  reactions  were  studied,  observed  that  red  clover  and 
alfalfa  grown  upon  the  acid  soils  exhibited  very  few  of  the  nodules 
due  to  the  nitrogen-fixing  bacterium,  B.  radicicola. 

L.  L.  Harter^  found  that  nitrifying  and  root-tubercle  organisms 
developed  poorly  in  the  Norfolk  soils  and  regarded  the  lack  of  organic 
matter  and  the  acidity  of  these  sandy  soils  as  the  cause  of  the  in- 
ferior development. 

Hilgard«  states  unqualifiedly:  "In  an  acid  medium  ("sour  soils) 
nitrification  promptly  ceases;  as  it  also  does  whenever  the  amount 
of  base  present  has  been  fully  neutralized." 

In  a  later  paragraph,  the  writer  will  present  an  apparent  exception 
to  this  rule. 

DETERMINATION  OF  THE  DEGREE  OF  SOIL  ACIDITY,  OR  OF  THE 
LIME  REQUIREMENT  OF  SOILS. 

If  the  substances  causing  soil  acidity  were,  in  all  cases,  capable 
of  being  readily  washed  out  of  the  soil,  the  determination  of  the 
degree  of  acidity  of  an  acid  soil  could  be  very  easily  and  directly 
determined. 

From  the  discussion  already  presented  regarding  these  methods, 
it  is  quite  evident  that  such  simple,  direct  methods  can  not  be  ap- 
plied with  satisfactory  result  to  this  problem. 

It  has  already  been  noted  that  no  suitable  method  has  been  worked 
out  whereby  the  tint  imparted  to  litmus  or  to  ammonia  water  may 
be  made  to  serve  as  an  accurate  measure  of  the  degree  of  acidity. 
In  the  writer's  laboratory,  however,  in  cases  involving  the  same  soil. 


^Zeitschr.  Versuchsw.  Oesterr.,  U  (1911)  1243-1279. 

^idsskr.  Landbrug.  Planteavi,  1899,  Copenhagen.  ■ 
'Jour.  Dept.  Agr.  Victoria,  10  (1912)  393-400. 

■•Bull.  No.  90,  U.  S.  Bureau  of  Chemistry,  1905,  p.  186;  also  Bull.  No.  99,  1906, 
pp.  119-120. 

'Virginia  Truclj  Station,  BulL  No.  4,  pp.  61-80. 

'Soils,  p.  146.  ■  . 
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J.  W.  White  obtained  degiees  of  color  intensity  of  tlie  ammonia 
solntion  that  were  quite  closely  in  accord  with  the  results  obtained 
by  more  generally  applicable  methods. 

In  speaking  of  the  indicators,'  of  soil  acidity,  a  brief  account  was 
given  of  the  test  proposed  by  Loew,  in  which  a  liberation  of  iodin 
from  potassium  iodid  by  the  soil  acidity^  was  made,  by  the  use  of 
the  starch  test  for  iodin,  to  serve  as  an  indicator.  It  has  been  pro- 
posed that  a  similar  method,  using  Kjeldahl's  reagent  of  potassium 
iodid  and  iodate,  be  employed  for  determining  the  degree  of  acidity; 
but  A.  Gregoire^  found  that  the  reaction  was  not  sharply  definite; 
that  aluminum  sulphate  and  chlorid  react  with  all  their  acid,  but 
iron  ammonium  sulphate,  with  only  half  its  acid;  and  finally,  that 
even  soils  alkaline  to  litmus  and  containing  notable  amounts  of  car- 
bonate of  lime,  showed  some  liberation  of  iodin,  that  is,  indicated 
acidity. 

Hopkins,  Knox  and  Pettit"  suggested  the  agitation  of  a  definite 
quantity  of  the  soil  with  a  neutral  solution  of  common  salt,  ^nd  the 
acceptance  of  the  acidity  thereafter  found  in  the  salt  solution  as  a 
measure  of  the  soil^s  acidity,  These  investigators  regarded  the  so- 
lution acidity  after  agitation  with  the  soil  as  due  to  hydrochloric  acid 
liberated  from  the  common  salt  by  its  sodium  being  taken  up  by 
the  soil's  insoluble  acid.  Hopkins'^  later  substituted  potassium  ni- 
trate for  common  salt  in  Isis  reagent  solution. 

E.  P.  Veitcli,*  upon  a  study  of  the  foregoing  method,  found  that 
the  salt  solution  after  the  soil  contact  contained  no  free  hydrochloric 
acid,  but  that  its  acidity  upon  titration  was  due  to  an  exchange 
which  had  taken  place  between  soil  and  solution,  whereby  sodium 
had  been  absorbed,  it  is  true,  but  iron  and  aluminum  had  been  dis- 
solved to  form  chlorids  that  possess  an  acid  reaction.  It  is  not 
at  all  clear  that  these  metals  existed  in  the  soils  in  such  condition  as 
to  impart  to  them  the  acid  quality  they  possessed.  Veitch  doubts, 
therefore,  tlie  possession  of  certainly  indicative  character  by  this 
method.  In  the  writer's  experience,  soils  acid  to  litmus  do  not  all 
show  acidity  mth  the  Hopkins  reagent.  Colloidal  absorption  may 
remove  the  base  from  the  salt  solution  and  develop  acidity  without 
the  formation,  in  all  cases,  of  the  iron  and  aluminum  salts  to  which 
Veitch  refers. 

B.  Tacke'  devised  a  method  for  determining  the  acidity  of  moor 
soils,  the  free  acid  and  acid  humates  of  whicli,  he  says,  can  decompose 
carbonate  of  lime.  His  method  consists  essentially  in  shaking  to- 
gether soil  and  fine  carbonate  of  lime  in  weighed  portions,  both  pre- 

^Bul.  Soc.  Chim-  Relg.  26  (1912)  336  scq .  ;  See,  howevei%l^^ew~  p"~80 
''Bui.  No.  73,  TJ.  S.  Bureau  of  Chemistry,  pp.  114-119. 
'Soil  Fei'tilitv,  etc.,  p.  627. 
■".Tour.  Am.  Chem.  Soc,  26  (1904)  6,37-622. 
=Chem.  Zcitung,  21,  (1897),  174-17.5. 
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viously  made  to  tliiu  pastes  witli  water,  and  allowed  to  react  upon 
one  another  in  an  atmosphere  of  hydrogen.  The  carbon,  dioxid  set 
free,  is  determined  as  the  measure  of  the  acidity.  H.  Suchting^  modi- 
fied the  method  by  determining  the  carbon  dioxid  left  in  the  unde- 
composed  carbonate,  and  judging  the  acidity  by  comparing  the 
residual  and  original  amounts  of  carbon  dioxid.  It  appears  that 
the  fermentative  changes  in  the  soil  are  not  wholly  arrested  when 
the  air  is  displaced  from  the  soil  by  hydrogen  gas,  and  that  these 
introduce  a  slight  excess  in  the  result.  Furthermore,  it  is  not  clear 
that  the  Tacke-Suchting  method  is  as  well  adapted  to  mineral,  as  to 
moor  soils. 

A.  Albert^  proposed  a  method  in  which  the  soU  is  made  to  react 
with  a  watery  solution  containing  an  excess  of  an  alkaline  earth, 
(lime,  magnesia  or  baryta).  The  excess  of  the  unabsorbed  reagent 
together  with  any  other  alkaline  material  liberated  by  exchange  be- 
tween the  soil  and  the  solution,  is  determined  by  measuring  the  quan- 
tity of  ammonia  the  solution  can  liberate  after  the  soil  has  reacted 
with  it.  This  method,  too,  is  affected  by  certain  errors  too  technical 
for  this  discussion. 

F.  P.  Veitch^  presented  a  method  in  which  lime,  in  the  form  of 
saturated  lime  water,  is  made  to  react  upon  the  soil.  Different 
proportions  of  the  lime  water  are  used  with  unit  quantities  of  the 
soil,  and,  by  means  of  the  indicator,  phenol-phthalein,  the  quantity 
of  the  lime  required  to  neutralize  the  soil,  or,  at  least,  to  supply 
the  soil  with  all  the  lime  it  will  take  up,  is  determined.  The  method 
supplies  not  only  the  lime  required  to  neutralize  the.  soil  acids  proper, 
but  that  needed  to  meet  the  absorption  requirements  of  the  soil  at 
the  time  of  the  determinations.  It  does  not  measure  such  exchange 
as  may  be  made  of  potash  or  ammonia  for  lime.  In  general,  the 
method  meets  well  the  theoretical  requirements,  since  it  involves 
the  use  of  the  material  to  be  employed  as  a  soil  amendment.  It  is, 
however,  a  cumbrous,  time-consuming  method,  requiring  no  slight 
degree  of  skill.  Veitch  compared  it  with  the  Hopkins,  Pettit  and 
Knox  method  on  a  wide  range  of  soils,  and  obtained  materially 
higher  indications  of  lime  requirement  than  were  shown  by  the  last 
named  method. 

Kecently,  J.  A.  Buzzell  and  T.  L.  Lyon*  have  proposed  a  modifica- 
tion of  the  Albert  method,  in  which  the  alkaline  earth  chosen  to  react 
with  the  soil  is  barium  hydroxid,  whose  solution  is  maintained  in 
contact  with  the  soil  at  the  temperature  of  a  boiling  water  bath  for 
an  hour.  The  mixture  is  then  diluted,  a  definite  quantity  of  am- 
monium chlorid  added,  and  the  material  thus  prepared  subjected  to 

Vjeitschi-7  anaewandte  Chem.,  21,  (1908),  1.51-153. 
^Zeitschrift  ansewandte  Chem.,  22  (1909)  533-.537. 
=Joui    Amer.  Chem.  Soc,  26,  (1904)  637-622. 
*Jour;  Ind.  &  Eng.  Chem.,  5  (1913)  1011-1012. 
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distillation  to  remove  the  ammonia  set  free  by  the  unabsorbed  and 
unneutralized  residue  of  barium  hydroxid.  The  barium  hydroxid 
equivalent  of  the  ammonia  distilled  over  is  determined,  and,  by  sub- 
tracting it  from  the  equivalent  of  the  barium  hydroxid  originally 
brought  into  contact  with  the  soil,  the  latter's  acidity  and  lime  re- 
quirement are  computed  after  some  technical  corrections  which  need 
not  here  be  detailed.  A  comparison  of  this  method  with  the  Veitch 
method  as  applied  to  quite  moderately  acid  soils,  nine  of  them  rich 
in  organic  matter,  gave  results  averaging  somewhat  higher  than  those 
obtained  by  the  Veitch  method.  There  were,  however,  a  nuimber  of 
very  distinct  differences  between  the  results  for  the  same  soil.* 

In  general,  the  results  by  many  of  these  methods  are  not  very  exact, 
differences  from  duplicate  determinations  upon  the  same  soil  sample 
by  the  same  method,  often  exceeding  one  bushel  of  lime  an  acre. 

J.  G.  Lipman^  suggests  that  bacteriological  methods  may  be  used 
to  determine  the  relative  acidity  of  soils,  by  adding  different,  definite 
amounts  of  the  soils  to  a  neutral  bouillon  and  inoculating  with  some 
particular  soil  bacterium,  either  ammonifying,  nitrifying  or  nitro- 
gen-fixing, and  comparing  the  degrees  of  effect. 

Two  other  methods,  very  recently  proposed,  should  receive  mention 
at  this  point,  though  they  have  not  yet  been  sufficiently  tried  out 
to  establish  their  relative  values.  0.  H.  Jones^  states  that  he  has 
obtained,  by  a  very  simple  procedure,  very  satisfactory  results  by 
using  the  decomposing  action  of  the  soil  upon  a  water  solution  of 
the  lime  salt  of  a  weak  organic  acid,  particularly  calcium  acetate.** 
^  E.  Truog^  has  described  a  method  dependent  upon  the  reaction  of 
the  acid  soil  upon  zinc  sulphid,  suspended  in  water  and  "sensitized" 
by  the  presence  of  calcium  chlorid,  whereby  hydrogen  sulphid  is 
liberated  in  measure  as  the  soil  is  acid,  and  the  relative  quantity 
of  this  gas  is  determined  by  its  effects  upon  lead  acetate  paper.  The 
claim  is  made  for  this  method  that  the  determination  can  be  made 
in  the  field  with  simple  apparatus  in  ten  or  fifteen  minutes.  The 
so-called  "sensitiveness"  secured  by  the  presence  of  calcium  chlorid 
is  very  probably  owing  to  the  reaction  of  this  salt  with  colloid 
bodies,  just  like  that  of  the  alkaline  chlorids  or  nitrates  employed  in 
the  Hopkins  method  earlier  described. 

*0.  R.  Moulton  and  P.  F.  Trowbridge  (J.  Ind.,  &  Eng.  Chem.  6  (1914)  835-7) 
note  that  in  the  presence  of  an  excess  of  either  barium  or  calcium  hydroxid,  the 
soil  absorbs  more  of  these  bases  than  when  just  enough  is  present  to  satisfy  the  soil's 
normal  requirements;  that  the  Veiteh  method  has  been  devised  to  avoid  the  errors 
due  to  the  excessive  absorption,  but  that  the  Buzzell  and  Lyon  method  does  not 
avoid  such  er.-ors. 

^Science  (n.  s.)  83  (1911)  971-973. 

''Proc.  Ass'n.  Official  Ag'l.  Chemists,  1914. 

■■'Science  (N.  S.)  40,  246-8^ 

**Lint  (J.  Ind.  &  Eng.  Chem.,  6  (1914)  747,  compared  the  Jones  and  Veitch 
methods  upon  a  number  of  soils,  and  found  a  close  agreement  between  the  results 
of  the  two  methods. 


SAMPLING  SOILS  FOR  ACIDITY  DETERMINATION. 

Attention  was  called,  in  the  section  of  the  preceding  chapter  deal- 
ing with  soil  absorption,  to  J.  W.  White's  studies  of  the  distribution 
of  acidity  upon  certain  of  the  plats  of  the  Pennsylvania  Experiment 
Station.  It  was  there  shown  that  acid  and  alkaline  conditions  ex- 
isted in  adjacent  spots,  not  as  the  exception,  but  as  a  general  rule 
for  these  plats.  Other  studies,  less  systematic,  but  sufadently  exact, 
upon  the  Hagerstown  silty  loam  lands  of  the  vicinity,  show^  the 
need  for  the  greatest  care  in  the  sampling  of  the  soil  for  acidity 
studies. 

Other  soils  may  exhibit  more  uniformity  in  this  particular,  and 
this  would  probably  be  indicated,  as  here,  by  the  character  of  the 
vegetation.    In  the  absence  of  proof  to  the  contrary,  it  seems  wise 
to  assumfe,  when  so  costly  a  treatment  as  liming  may  be  involved, 
that  the  soil  is  not  uniform,  and  to  adopt  sampling  methods  adapted 
to  highly  variable  lands.    To  depend  upon  a  small  portion  of  soil 
taken  at  a  single  spot  is  absolutely  unsafe.    Instead,  borings  should 
be  taken  at  70  to  100  different  points,  rather  uniformly  distributed 
over  the  area  in  question,  these  borings  well-mixed  on  a  clean  paper 
or  oil  cloth,  and  a  representative  sample,  or  better  two  samples, 
drawn  by  quartering  the  well-mixed  borings.    For  boring,  a  |  or 
|-inch  auger  will  serve.    Uusually  the  samples  are  taken  simply  to 
plow-depth,  to  represent  the  surface  soil.    If  a  separate  study  of 
subsoil  acidity  is  to  be  made,  the  part  of  the  borings  taken  from  below 
plow-depth  may  be  separated  by  aid  of  the  color  line  or  of  the  plow 
pan,  where  these  are  present;  otherwise  by  separate  borings  to 
definite  depths.  -  ,  -  ^    .  v 

It  is  preferable  that  the  determination  be  made  upon  the  fresh 
soil,  when  that  is  practicable.  In  the  drying  of  soils  rich  in  colloids, 
mineral  or  vegetable,  the  drying  of  these  colloids  may  result  in  a 
permanent  diminution  of  their  absorptive  power,  and  thus  decrease 
the  apparent  lime  requirement  below  that  actually  existing. 

FREQUENT  OCCURRENtCB  OF  SOIL  ACIDITY. 
In  the  introductory  chapter,  mention  was  made  of  the  great  spread 
in  recent  years  of  the  practice  of  liming.  In  many  cases,  the  practice 
was  adopted  in  hope  of  thereby  improving  the  clover  crop  or  of  in- 
suring the  catch  and  vigorous  development  of  alfalfa.  It  was  doubt- 
less due,  in  part,  however,  to  recognition  of  an  acid  condition  of  the 
soil  and  a  desire  to  remedy  that  defect.  A  few  of  the  many  reports 
upon  the  frequency  of  occurrence  of  soil  acidity  in  the  humid  regions 
of  the  United  States  may  here  be  mentioned:  ; 
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A.  W.  Blair  and  E.  J.  Macy^  report,  from  the  examination  of  189 
soil  samples  representing  IT  counties  of  Florida,  that  two-thirds  of 
the  surface  soils  and  one-half  of  the  subsoils  were  acid  as  tested 
hy  the  Veitch  method. 

A.  D.  Conner  and  J.  B.  Abbott,"  after  a  study  of  the  unproductive 
black  soils  of  northwestern  Indiana,  report  that  some  of  these  lands 
are  more  or  less  acid. 

C.  G.  Hopkins  and  his  associates®  observe  that  the  upland  surface 
soils  of  Hardin  county  are  all  markedly  acid  (by  Hopkins  method). 

R.  Whitson  and  O.  W.  Stoddart*  note  the  occurrence  of  a  number 
of  acid  soils  in  Wisconsin. 

A.  L.  Knisely^  reports  80  tests  of  Oregon  soils.  Of  these,  only 
30  per  cent,  showed  no  acidity;  35  per  cent,  were  very  slightly  acid; 
39  per  cent,  considerably  acid;  and  16  per  cent,  highly  acid.  The 
highly  acid  soils  were  chiefly  peats,  mucks  and  dark  loams,  poorly 
drained;  but,  in  a  few  instances,  lighter  upland  soils.  On  these, 
plantain  and  sorrel  were  the  prominent  weeds.  Most  of  the  sandy 
and  clayey  loams  showed  considerable  acidity. 

H.  J.  Wheeler,*^  many  years  ago,  reported  upon  the  acid  condition 
of  the  granite  soils  of  Ehode  Island. 

There  has  been  no  systematic  soil  survey  in  Pennsylvania,  with 
respect  to  the  extent  to  which  acidity  aft'ects  the  lands  of  this  State, 
but  private  samples  submitted  by  correspondents  to  the  Experiment 
Station  laboratory  show  that  the  defect  is  present  in  soils- representing 
many  of  the  soil  types ;  and  the  vegetation  characteristic  of  numerous 
large  areas  shows  the  existence  of  entire  regions  in  which  liming  is 
greatly  needed.  The  great  expense  involved  in  the  amendment  of 
these  lands  to  fit  them  for  clover  and  alfalfa  would,  without  other 
reason  therefor,  justify  public  expenditure  upon  a  systematic  ex- 
amination of  Pennsylvania  soils  with  respect  to  their  chemical  and 
physical  charcters,  other  than  those  chiefly  determined  in  the  soil 
surveys  and  reconnoissances  hitherto  made. 

EFFECT  OF  CROPS  UPON  SOIL  REACTION. 
In  that  section  of  this  chapter  which  deals  with  physiological  ac- 
tion as  one  of  the  causes  of  acidity,  reference  was  made  to  the 
selective  absorption  of  bases  by  plants,  as  the  cause  of  acidity  in 
small  areas.  Moreover,  the  recent  roots  and  stubble  decay  rapidly, 
and  may  easily  contribute,  for  a  time  at  least,  a  large  quantity  of 
acid  organic  material  to  the  soil. 

»Bul.  No.  93,  Florida  Agrl.  Expt.  Stat.,  pp.  45-69. 
^Bnll.  No.  157,  Indiana  Agrl.  Expt.  Station,  pp.  35-264. 
^Illinois  Experiment  Station,  Soil  Report  No.  3. 
■'Report,  Wisconsin  Agrl.  Expt.  Station,  1906,  pp.  171-180. 
"Bulletin  No.  90,  Oregon  Agrl.  Expt.  Station. 
"Rhode  Island  Agl.  Expt.  Station,  Reports. 
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It  was  obsei-ved,  several  years'  ago,  upon  lands  of  this  Station 
that  bad  become  distinctly  acid  and  bad  tbeu  been  treated  with  lime 
in  the  quantity  indicated  by  tlie  Veitcb  method  as  needful  for  exact 
neutralization  of  the  soil,  that,  immediately  after  the  removal  of  a 
succeeding  clover  crop,  the  soil  was  again  distinctly  acid. 

A  very  interesting  contribution  to  our  knowledge  of  this  subject 
was  made  at  the  Pennsylvania  Agricultural  Experiment  Station  by 
F.  B.  Gardner  and  B.  E.  Brown^  in  the  course  of  pot  experiments 
with  clover  grown  on  differently  treated  soils  of  the  General  Fer- 
tilizer Series.  This  crop  was  grown  on  separate  portions  of 
tlie  soil,  one  portion  being  left  unlimed,  and  other  portions  treated 
with  enough  lime,  or  enough  fine  limestone  to  satisfy  the  lime  re- 
quirements indicated  by  the  Veitch  method,  or  with  fine  limestone 
in  fixed  excess  beyond  that  requirement.  In  general,  the  soils  of  the 
pots  unlimed  showed  an  increase  of  acidity,  on  the  average,  after  the 
crop  roots  had  been  removed,  and  even  those  limed  or  treated  with 
fine  carbonate  of  lime,  in  quantity  sufficient  to  neutralize  the  original 
acidity,  were  found  acid,  but  in  less  degree,  after  the  crop  was  re- 
moved. Only  where  an  excess  of  the  alkaline  amendinent  had  been 
iised,  was  there  no  marked  evidence  of  acidity  at  tlie  end  of  tlie 
experiment.  It  is  to  be  remarked,  however,  that  there  were  a  num- 
ber of  exceptions  in  which  the  unlimed  soils  showed,  upon  the  removal 
of  the  clover,  less  than  the  original  acidity. 

These  observations  have  recently  been  repeated  by  Mr.  J.  W. 
White,^  of  this  Station,  in  the  course  of  pot  experiments  with  soil 
from  the  highly  acid  plat  No.  32,  which  has  long  received  biennial 
dressings  of  sulphate  of  ammonia.  In  certain  pots,  the  soil  Avas 
treated  with  just  enough  well  pulverized  limestone  (fineness,  1-100 
inch)  to  neutralize  the  acidity.  The  pots  were  planted  with  common 
red  clover  and  sorrel  {Rume.r  Acetosella)  respectively.  Immediately 
after  the  removal  of  the  crops,  the  roots  were  sifted  out  and  the 
soil  examined  for  acidity.  In  every  one  of  these  instances,  the  soil 
had  again  become  acid.  In  other  pots,  enough  limestone  was  added 
to  make  one  ton  an  acre  in  excess  of  the  lime  requirement.  In 
these  cases,  the  soil  was  slightly  acid  where  the  crops  were  red 
clover  or  clover  and  sorrel  mixed.  Where  sorrel  alone  was  grown 
and  only  1,500  lbs.  excess  of  limestone  added,  the  soil  remained 
alkaline. 

It  is  to  be  noted  that,  in  both  sets  of  observations,  the  acidity 
was  not  due  to  the  acid  contents  of  such  roots  as  could  be  removed 
by  sifting.  Some  decay  of  roots  may  have  occurred  while  the  crops 
-were  growing,  but  it  is  believed  that  most  of  the  acidity  left  by  the 
crops  in  these  cases  existed  in  the  residual  soil  itself  and  was 
there  produced  by  the  action  of  the  living  plants  of  the  crops. 

'Report  Peuna.  State  College,  1910-11,  pp.  74-75. 

^Report  of  the  Penna,  State  College,  1913-14.  • 
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Gardner  and  Brown/  also  made  studies  of  the  average  conditions 
at  different  periods,  at  intervals  of  four  weeks,  of  the  various  fertilizer 
plats  growing  different  crops.  The  results  obtained  on  fresh  soil 
samples  gave  the  following  averages  in  pounds  of  lime  (CaO)  re- 
quired to  the  acre — 7  inches : 


a 

o 

a 

a 

« 

Wheat. 

Oats. 

Corn. 

Clover 

404 
331 
418 

178 
99 
95 

656 
481 
546 

398 

465 
633 

384 

124 

561 

465 

These  results  are  not  very  conclusive,  owing  to  the  rather  wide 
margin  of  error  of  the  method,  both  as  to  the  chemical  manipulations 
and  to  the  sampling  of  the  soil. 

Here  the  order  of  acidity,  as  related  to  kind  of  crop,  beginning 
with  that  of  highest  acidity  effect,  was,  corn,  clover  and  timothy, 
wheat  and  oats.  It  is  interesting  to  observe  that  each  period  av- 
erage for  each  crop  represents  360  sub-samples,  taken  to  7  inches 
depth.  With  respect  to  the  progression  of  acidity  in  its  relation  to 
crop  growth,  it  may  be  stated  that,  in  the  case  of  the  wheat  crop, 
the  first  period  represents  the  time  of  maturing  of  that  crop;  the 
second  period,  the  starting  of  the  young  clover  and  timothy  after 
wheat  harvest;  the  third  period,  the  later  growth  of  clover  and 
grass.  In  the  case  of  the  hay  ("clover  and  timothy")  crop,  the 
first  period  represents  that  crop  about  mowing  time;  the  later 
periods,  the  progressive  development  of  the  aftermath.  In  the  case 
of  the  corn,  the  land  was  covered  by  this  crop  at  all  the  periods 
of  sampling,  the  sod  having  been  plowed  under  before  the  planting. 
In  the  case  of  the  oats,  the  land  was  under  this  crop  only  during 
the  first  period;  in  stubble,  during  the  latter  periods.  In  the  case 
of  the  mowing  land,  there  was  a  pronounced  increase  of  acidity 
with  the  development  of  the  aftermath;  in  the  case  of  the  oats,  a 
marked  falling  off  of  acidity  after  removal  of  the  growing  crop. 

A  complete  repetition  of  these  observations  at  some  other  distri- 
bution of  the  crops  over  the  respective  tiers  is  requisite  to  eliminate 
the  possible  effects  of  inequality  in  oi'iginal  acidity  of  these  tiers, 
which  might  influence  the  results  above  reported.    It  is  uncertain 


^Report,  Penna,   State  College,  1910-11,  pp.  35-38. 
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how  largely  the  differences  observed  are  due  to  the  effects  of  the 
several  crops,  how  largely  to  differences  in  the  soils  before  the  crops 
were  planted. 

Veitch^  observes  that  different  plants  affect  the  soU  reaction  m 
differing  degree.  In  six  years,  oats  followed  by  buckwheat  de- 
creased the  total  apparent  acidity  of  nearly  all  of  a  large  number  of 
widely  representative  soils,  and  made  some  of  them  alkaline.  On 
the  other  hand,  beans  followed  by  buckwheat  in  the  same  time  in- 
creased the  total  apparent  acidity,  making  acid  some  soils  originally 
alkaline. 

In  the  last  two  cases  cited,  the  decay  of  residues  from  the  series 
cf  crops  cultivated,  was  doubtless  an  important  factor  in  the  results, 
as  well  as  the  influence  of  the  living  crops  themselves. 

In  this  connection,  let  us  note  the  results  of  observations  upon  the 
reaction  of  grass  lands  on  the  limestone  soil  of  the  Pennsylvania 
Station  farm.    As  earlier  stated,  the  land  contains  very  little  active 
lime,  despite  its  limestone  origin.    It  had  been  kept  under  grass, 
chiefly  blue  grass  and  white  clover,  for  about  forty  years,  and  has 
been  mowed  each  year  in  early  June,  before  the  grass  was  fully 
mature,  and  the  mowings  removed;  for  the  rest  of  the  year,  the 
grass  was  allowed  to  die  down  upon  the  land.    Of  late  years,  the 
increase  of  weeds  and  moss  pointed  to  the  development  of  acidity, 
^^o  fertilizer  or  manure  had  been  applied  to  these  lands,  nor  had 
they  been  pastured,  since  they  served  merely  as  grass  roadways 
very  little  driven.    In  the  writer's  laboratory,  Mr.  J.  W.  White^ 
determined  the  acidity  of  these  lands,  each  of  the  six  roadways  being 
represented  by  72  sub-samples  of  the  surface  soils.    The  quantity 
of  the  "humic  acid"  also  that  existed  uncombined  with  basic  ma- 
terials, or,  at  least,  in  such  condition  that  it  could  be  dissolved 
out  by  direction  extraction  with  four  per  cent,  ammonia  water  and 
precipitated  from  solution  by  slightly  acidulating  it,  were  as  follows, 
using  3,000,000  pounds  as  the  unit  weight  of  the  surface  soil  over 
an  acre— a  figure  somewhat  too  high,  but  suitable  for  the  purpose 
of  comparison  of  the  results  here  presented:    The  results  as  to 
acidity  are  stated  in  terms  of  the  'lime  requirement'  (CaO)  for  the 
unit  weight  of  soil. 


I. 

Lime  Re- 
quirement. 

II. 

Free  Humic 
Acid. 

Ratio 
II  :  I. 

Pounds. 

4,200 
3,440 
2,110 
2,400 
3,750 
3,460 

Pounds. 
48,000 
38,700 
24,000 
37,000 
41,700 
38,700 

11.43 
11.25 
11.37 
11. 2G 
11.12 
11.22 

^Bull    No.  90,  U.  S.  Bur.  of  Chemistry,  p.  185. 

Sort,  Penna.  State  College,  1910-1911,  pp.  338-341. 
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All  these  grass  lands  were  decidedlj  acid,  but  some  twice  as  much 
so  as  others — again  illustrating  the  variability  in  this  respect  of  the 
same  soil  under  like  treatment.  The  general  fact  that,  even  under 
grass,  these  limestone  lauds  gradually  turn  acid  Mdthout  the  influence 
of  fertilizers  or  the  turning  under  of  green  manures,  is  clearh^  shown. 
The  most  striking  fact  developed  is,  however,  that  the  acidity  of 
these  lands  through  a  wide  range  of  variability  in  quantity,  bears  an 
invariable  relation  to  the  amount  of  free  humic  acid  present.  On  the 
average,  one  pound  of  lime  is  required  for  each  11.27  pounds  of  the 
free  humic  acid.  That  is,  the  acidity  of  this  soil  under  permanent 
grass  appears  to  be  due  and  strictly  proportional  to  the  amount  of 
free  humic  acid  present,  and  not  to  the  small  amount  of  mineral 
colloids  the  soil  contains.  In  the  absence  of  data  for  the  yields  of 
grass,'  on  these  roadways,  it  is  impossible  to  say  whether  these 
yields  bear  any  arithmetical  proportion  to  the  free  humic  acid. 

It  is  an  interesting  coincidence  that  S.  Oden^  found  that  a  free 
humic  acid  he  prepared  from  a  source  not  stated  in  the  abstract 
here  used,  required  for  the  formation  of  its  normal  calcium  salt,  one 
pound  of  lime  (CaO)  for  11.9  pounds  of  the  free  humic  acid. 

CHANGES  IN  SOIL  ACIDITY  AFTER  CROP  REMOVAL. 
Very  few  observations  are  recorded  upon  this  subject.  The  Penn- 
sylvania Station  has  made  several  such  observations,  in  addition  to 
that  noted  in  jjage  immediately  preceding,  upon  the  change  in  oat 
land  in  fallow.  Mr.  J.  W.  White,  in  his  experiment  upon  the  influence 
of  liming  upon  clover  and  sorrel  respectively,  put  soil  from  an  acid 
land  (Plat  No.  32)  into  deep,  paraffined  wire-gauze  pots  and  planted 
them  to  red  clover,  red  clover  and  sorrel,  and  sorrel  alone,  and  in 
certain  pots  without  lime  addition.  On  the  soils  of  these  latter  pots, 
few  plants  survived,  though  the  moisture  conditions  were  most  fa- 
vorable to  growth.  The  lime  (CaO)  requirement  of  the  soil  when 
It  was  placed  in  these  pots  was  5,200'  pounds  an  acrc^T  inches 
Eight  months  later,  after  exposure  to  the  weather,  it  was,  in  the 
clover  pots,  4,695  pounds;  in  the  clover  and  sorrel  pots,  4,695  pounds 
and  in  the  sorrel  pots,  4,525  pounds.  That  is,  the  soil,  kept  practi- 
cally in  fallow,  and,  before  the  second  aciditv  test,  freed  from  roots 
by  sifting,  decreased  distinctly  in  acidity  under  conditions  favorable 
to  the  action  of  soil  bacteria  that  can  survive  an  acid  state  and 
of  other  associated  lower  organisms.  When,  however,  slicrhtlv  acid 
soil  samples  from  Plat  No.  32  were  air-dried  and  held  in  sample 
jars  for  a  year,  no  decrease  in  acidity  was  observed,  the  conditions 
stated  being  unfavorable  to  bacterial  activity. 


'Ber.  ri.  chem.  Gesellschaft,  45  (1912)  61.5-660, 
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OBSERVATIONS  UPON  INFLUEN<CE  OF  FERTILIZERS  UPON  SOIL 

REACTION. 

In  the  earlier  section  treating,  in  a  general  way,  of  the  several 
causes  to  which  soil  acidity  has  been  ascribed,  mention  was  made  of 
the  prevailing  belief  that  the  addition  of  artificial  fertilizers  tends 
to  cause  a  serious  condition  of  acidity  in  lands  so  treated. 


Pennsylvania  Experiments. 

The  studies  of  the  Pennsylvania  General  Fertilizer  Plats  afford 
interesting  information  upon  this  subject.  Since  18S1,  these  plats, 
except  those  held  as  checks  and  those  treated  with  lime  or  crushed 
limestone,  have  received,  every  two  years,  dressings  of  various  definite 
fertilizer  mixtures  or  of  stable  manure  in  several  contrasted  amounts. 
In  1910,  the  acidity  of  these  plats  was  studied  by  Gardner  and 
Brown,^  by  use  of  the  Veitch  method.  Each  treatment  is  represented 
by  plats  of  like  number  in  each  of  four  tiers,  cropped  with  the  sev- 
eral crops  of  the  four-course  rotation  adopted  for  this  experiment. 
Each  plat  Avas  sampled  to  a  depth  of  7  inches  at  7  different  places 
on  each  of  three  different  times  in  June,  July  and  August.  So  that 
each  plat  result  in  each  tier  represents  21  sub-samples.  The  results 
obtained  are  presented  for  the  several  plats  arranged  in  groups  ac- 
cording to  the  respective  treatments  they  received. 

Lime  [CaO]  requirements  of  Pennsylvania  Fertiliser  jjlats. 
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A.  Unfertilized, 


B.  Dried  blood,   

C.  Dissolved  bone-black  

D.  Muriate  of  potash  

B.   Dried  blood,  dissolved  bone-black  

F.  Dried  blood,  muriate  of  potash,   

G.  Di.«solved  bone-black,  muriate  of  potash. 


H.  Dried  blood.  24N,  dissolved  bone-black, 
muriate  of  potash,   

I.  Same  with  4S  lbs.  nitrogen,   


J,    Same  with  72  lbs.  nitrogen. 
Average,  H-J,   


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1 

80 

19 

117 

59 

S 

0 

0 

0 

267 

14 

33 

0 

77 

0 

24 

582 

0 

115 

385 

36 

i(a 

0 

510 

265 

172 

2 

0 

207 

128 

282 

154 

3 

0 

281 

45 

136 

115 

4 

0 

71 

51 

582 

176 

5 

0 

161 

64 

379 

151 

6 

17 

162 

119 

378 

166 

7 

302 

0 

262 

560 

15 

6 

0 

545 

0 

S 

423 

0 

663 

571 

29 

608 

0 

605 

914 

344 

9 

376 

59 

231 

210 

17 

983 

792 

1,509 

1,078 

654 

10 

621 

25 

855 

600 

19 

1,258 

395 

1,086 

104 

636 

11 

0 

59 

1.241 

0 

21 

937 

187 

1,382 

263 

508 

1 

599 

^Report,  Penna.  State  College,  1910-11,  25-60;  See  also  Brown,  ib.,  p. 
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Treatments. 


K.  Nitrate  of  soda  (24  lbs.  N),  .  other  fer- 
tilizers as  in  H,   

L.    Same  as  K  with  48  lbs.  nitrogen  

M.    Same,   with  72  lbs.  nitrogen  

Average,  L-M  


N.  Sulphate  of  ammonia  (24  lbs.  uitros'en, 
Other  fertilizers  as  in_H)  

0.    Same,  with  48  lbs.  nitrogen,   

P.   Same,    with  72  lbs.  nitrogen,   

Average,  N.-P,   


Q.    Yard  manure,  6  tons, 

R.    Same,   S  tons  

S.    Same,   10  tons  

Average,  Q-S  


T.    Ground  bone,   

Muriate   of  potash  

U.   Yard  manure,  6T,  lime,  2T, 

V.   Lime,  2T,   

W.    Ground  limestone,  4T,   

X.    Land  plaster,   


lbs. 


s. 

lbs. 

lbs. 

lbs. 

lbs. 

26 

291 

0 

611 

959 

27 

109 

20 

519 

S81 

28 

230 

0 

640 

922 

?,0 

1,166 

0 

1.351 

1,753 

SI 

3,076 

446 

1,93C 

2,161 

32 

1,725 

911 

2,468 

2,033 

16 

164 

0 

543 

46 

18 

895 

69 

1,026 

0 

■:o 

713 

11.5 

609 

0 

12 

0 

6 

229 

0 

2.5 

423 

0 

663 

571 

22 

0 

0 

0 

0 

23 

0 

0 

0 

0 

34 

0 

0 

() 

0 

13 

13 

0 

0 

60 

33 

135 

27? 

181 

566 

lbs 
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There  is  difflculty  in  using  these  data  for  a  close  study  of  the 
effects  of  the  several  fertilizer  ingredients,  owing  to  the  facts  that 
the  limits  of  error  of  the  analytical  method,  as  then  used,  were  rather 
wide;  that  nothing  is  known  as  to  the  reaction  of  the  land  at  the 
beginning  of  the  experiments  in  1881,  except  that  blue  grass  and 
white  and  red  clovers  grew  well  without  liming ;  and,  especially,  that 
the  soil  is  exceedingly  variable  in  the  degree  of  its  acidity  or  alka- 
linity on  the  same  plat,^  so  that  the  number  of  borings  taken  was 
probably  not  enough  to  secure  perfectly  I'epresentative  samples. 

For  a  general  answer  to  the  main  question  as  to  the  effect  upon 
soil  reaction  of  artificial  fertilizers  of  the  usual  sorts,  when  used 
for  long  series  of  years,  the  data  serve.  The  facts  thus  far  observed 
that  bear  upon  the  question  are:  * 

1.  When  kept  continuously  under  grass  without  fertilizer  or 
manure,  the  soil  became  so  acid  as  to  require  from  one  to  two  tons 
of  lime  to  overcome  its  acidity  in  the  surface  7  inches,  and  has 
ceased,  in  places,  to  bear  grasses  and  white  clover. 

2.  Under  the  usual  four-course  rotation,  without  dressings  of 
manure  or  fertilizer,  the  soil  is  slightly  acid. 

3.  With  single  fertilizer  constituents,  with  combinations  of  these 
constituents  in  pairs,  other  than  those  giving  both  potash  and  phos- 
phoric acid,  and  with  land  plaster,  respectively,  the  soil  is  no  more 
acid  than  where  no  fertilizer  at  all  was  applied. 


»See  p.  69. 
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4.  With  the  phosphoric  acid  and  potash  mixture,  .the  land  is 
probably  a  little  more  acid  than  in  the  preceding  cases.  It  has 
certainly  borne  more  crop  and  left  more  residues  in  the  soil  for 

decay.  ■  ' 

5.  With  complete  fertilizers,  exclusive  of  those  containing  sul- 
phate of  ammonia,  with  yard  manure,  and  with  mixtures  of  ground 
bone  and  muriate  of  potash,  the  lands  have  borne  more  crop  and 
are  more  acid,  but  not  sufficiently  so  to  thin  the  stand  of  red  clover. 

6.  With  yard  manure,  the  soil  is  less  acid  than  with  the  other 
complete  fertilizers  named  in  the  foregoing  paragraph,  except  the 
ground  bone  mixture,  whose  plats  are  still  less  acid. 

7.  With  comijlete  fertilizer  containing  sulphate  of  ammonia,  the 
land  is  pronouncedly  acid,  and  more  so  as  the  amountof  sulphate  of 
ammonia  is  increased.  Clover  fails,  in  general,  on  these  plats,  and 
yields  of  all  crops  of  the  rotation  are  depressed,  especially  those  of 
corn  and  hay. 

8.  On  all  plats  other  than  those  receiving  sulphate  of  ammonia 
clover  still  maintains  a  good  stand. 

Speaking  in  general,  therefore,  we  may  conclude  that  the  artificial 
fertilizers  here  represented,  other  than  sulphate  of  ammonia,  have  not 
tended  strongly  to  make  the  soil  acid  in  the  thirty  years  of  their  use, 
and  that  the  acidity  they  have  developed  is  not  more  than  10  to  12 
bushels  of  stone  lime  would  neutralize.  .  , 

The  acidity  of  the  sulphate  of  ammonia  plats  is  less  than  that  of 
the  unfertilized  lands  continuously  in  grass,  yet  the  plats  appear  far 
less  in  condition  to  produce  clover  and  grass  than  are  the  grass 
lands.  This  fact  suggests  that  there  is  some  difference  as  to  the 
nature  of  the  residual  materials  injurious  to  crops. 

Ohio  Experiments. 

F.  P.  Veitch^  reports  the  results  of  acidity  determinations  upon 
soils  from  the  Ohio  Station  plats  at  Wooster,.  which  has  been  under 
fertilizer  experiment  since  1894.  ■  v  ,;; 


4. 
5. 


12. 
17. 


640  lbs.  acid  phosphate,   

520  lbs.  potassium  chloride,   

Unfertilized  

960  lbs.  sodium  nitrate  

640   lbs.  acid  phos.  and  520  lbs.  pot.  chlorid, 

640   lbs.    acid  phosphate  

520  lbs.  potassium  chlorid  

1.440  lbs.  sodium  nitrate,   

960  lbs.  acid  phosphate  

5£01bs.   potassium  chlorid  

480  lbs.   sodium  nitrate  


1,000 
1,100 
1,100 
SOO 
1,100 

1,400' 
1,100 


^U.  S.  Bureau  of  Chem.,  Bull.  99,  (1906)  pp.  120-122;  Science,  N.  S.  23,  710-712. 
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Treatments  for  two  Rotations. 


WW 

«  a 


18. 
19. 
24. 


29. 


32  T.  barnyard  manure  

Unfertilized,  

960  lbs.   acid  pbospbate  ] 

520  lbs.  potassium  chloride   V 

360  lbs.  ammonium  sulphate  J 

390  lbs.  basic  slag  1 

520   lbs.   potassium   chlorid,    V 

960  lbs.  sodium  nitrate  J 


1,OCO 
900 


1,400 


7O0 


Veitch  says  of  these  results — "It  appears  then  that  while  sodium 
nitrate  and  basic  slag  have  diminished  acidity,  no  fertilizer  or  com- 
bination of  fertilizers  has  measureably  increased  acidity  on  these 
soils  except  where  ammonium  sulphate  was  applied."  He  observes 
also  that  the  neutral  salt  used  in  the  aciditj^  test  according  to  a 
modification  of  the  Hopkins  method  attacked  the  "non-acid"  silicates 
of  the  soil  very  slightly. 

INFLUENCE  OF  SOIL  ACIDITY  UPON  ACTION  OF  LOWER  ORGANISMS 

IN  SOIL. 

Effect  of  Soil  Acidity  n-pon  Bacterial  Numbers  in  the  Soil. 

In  our  studies  of  the  lower  organisms  in  the  soils  of  the  General 
Fertilizer  Plats  of  the  Pennsylvania  Station,  we  have  thus  far  con- 
fined our  attention  to  the  bacterial  organisms  only  of  certain  plats. 
In  the  writer's  laboratory  G.  C.  Given^  determined  the  number  of 
bacteria  in  these  plats  in  Tier  IT,  while  under  wheat  and  in  young 
grass  and  clover  after  wheat  harvest.  The  determinations  were 
made  at  10  different  periods  from  April  of  one  year  to  March  of  the 
following  year.  The  absolute  numbers  varied  with  the  conditions  of 
the  soil,  but  the  proportions  of  numbers  between  the  several  plats  re- 
mained about  the  same  tliroughout  the  year  of  observation.  The 
average  counts  and  the  range  in  number  per  gram  of  dry  soil  through 
the  year,  were: 


Bacteria. 

Plat. 

Treatment. 

Average 
Number. 

Range: 
Millions. 

1. 
9. 

Unfertilized,   

Complete  fertilizer  with  dried  blood  nitrogen,  ..... 

s,seO',  GOO 

10, 210, 000 
l4.750',O0O 

3.5-  14.3 
2.9-19.9 

8.6-  29.1 

22. 

23. 

32. 

Complete  fertilizer  with  ammonium  sulphate  nitrogen 

10,1.50,000 
5,130,000 

3.9^19.1 
0.9-19.1 

That  is,  with  respect  to  these  five  treatments,  the  soil  treated  with 
manure  and  lime  had  the  most  bacteria;  those  with  lime  and  with 
complete  dried  blood  fertilizer  were  about  alike;  the  unfertilized 

^Rept.  Penna.  State  College,  1911-1912^  ~~  " 
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soil  had  somewhat  less,  but  the  highly  acid  soils  resulting  from  the 
ammonium  sulphate  treatment  had  little  more  than  half  as  many  as 
the  unfertilized  lands.  The  reduction  in  number  is  probably  due, 
at  least  in  a  large  deg'ree,  to  the  acid  condition  of  the  soil. 

Ejfects  Upon  Ammonification. 

One  of  the  early  changes  experienced  by  organic  nitrogenous  com- 
pounds in  the  soil  is  conversion  to  the  form  of  ammonium  compounds, 
a  change  in  which  many  species  of  soil  bacteria  participate.  The 
soils  of  plats  1,  9,  22,  23  and  32  (Tier  II)  of  the  Pennsylvania  Gen- 
eral Fertilizer  Plats,  some  alkaline,  some  slightly  acid,  and  one 
strongly  acid,  have  repeatedly  been  examined  by  Mr.  G.  0.  Given,  of 
this  laboratory,  using,  in  general,  the  Lipman  beaker  method  for  8 
days,  without  their  showing  any  marked  difference  in  the  rates  at 
which  added  cottonseed  meal  was  ammonified  in  the  different  soils. 
This  general  result  appeared  (1)  when  portions  of  the  same  steri- 
lized soil  medium  reinforced  by  agar  bouillion  and  added  cotton- 
seed meal,  were  inoculated  by  unit  quantities  of  the  soils  from  the 
several  plats;  (2)  when  the  sterilized  plat  soils  were  inoculated, 
after  addition  of  cottonseed  meal,  by  unit  amounts  of  soil  from  a 
fertile  area.  The  differences  in  reaction  and  bacterial  population  of 
seems  probable  that  these  peculiar  results  are  due  either  to  some  un- 
discovered limitation  of  the  method,  or  to  vigor  so  great  as  not  to  be 
appreciably  affected  by  the  differences  of  these  experiments,  rather 
than  to  a  condition  of  these  bacteria  in  which  the  vigor 
of  action  is  precisely  the  converse  of  the  number  of  bacteria 
present  in  a  unit  weight  of  the  soil.  Furthermore,  the 
results  obtained  in  the  study  of  the  nitrification  of  these 
soils,  which  rec^uires  a  preceding  ammoniflcation,  and  in  investiga- 
tions to  be  mentioned  in  the  succeeding  chapter,  in  which  the  effects 
of  liming  upon  soil  ammoniflcation  are  stated,  point  to  a  depression 
of  the  rate  of  this  soil  process  when  the  land  is  acid,  although  it 
is  known  that  there  are  various  bacteria,  capable  of  converting  pro- 
-  teids  into  ammonia,  that  find  most  favorable  to  life  those  soil  con- 
ditions by  which  acid  formation  and  accumulation  also  are  most 
favored. 

Effects  Upon  NitrificQtion. 

This  important  process  by  which  soil  ammonia  is  converted  into 
nitric  acid  is,  as  earlier  stated,  the  result  of  the  labors  of  two 
distinct  sets  of  bacteria,  by  one  of  Avhich  the  ammonia  is  changed  to 
nitrous  acid  (HNO,),  and  by  the  second  is  further  oxidized  to  nitric 
acid  (HNO3). 

It  has  been  known,  ever  since  the  agency  of  bacteria  in  these 
changes  was  discovered,  that  the  nitrifying  bacteria  thrive  best  in 
a  slightly  alkaline  medium;  and,  for  centuries  before,  that  "niter 
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beds"  should  be  well  supplied  with  alkaline  or  alkaline  earth  coin- 
pounds.  Some  of  the  recent  work  upon  the  subject  will  be  pre- 
sented in  the  next  chapter. 

Here  we  are  especially  interested  in  the  belief,  stated  in  an  in- 
troductory way  in  an  earlier  section/  that  the  development  of 
acidity  in  the  soil  as  the  result  of  ammonium  sulphate  fertilizing, 
absolutely  arrests  the  nitrifying  process.  Dr.  Hall,^  for  a  time  Di- 
rector of  the  Rothamstead  Station,  of  England,  states  that  in  certain 
of  the  permanent  grass  lands  at  Rothamstead  the  soil  is  acid  be- 
cause of  the  long  continued  application  of  ammonium  sulphate  and 
chlorid.  In  these  soils,  nitrification  is  greatly  reduced  and  nitri- 
fying bacteria  found  only  sparingly.  In  the  soil  itself,  the  nitrify- 
ing process  goes  on  slowly;  but  in  the  water  extract  from  the  soil, 
not  at  all  unless  it  is  first  made  neutral.  The  slight  nitrification 
obsei'ved  in  the  soil  is  attributed  to  the  pi'esence  of  a  little  calcium 
carbonate,  irregularly  distributed,  whose  scattered  particles  serve 
as  local  centers  of  nitrifying  activity. 

Our  observations  at  the  Pennsylvania  Station  do  not,  however, 
warrant  the  adoption  for  our  soils  of  the  conclusion  drawn  by  Hall 
and  his  associates  from  their  Rothamstead  investigations.  It  is 
true  that  we  have  no  knowledge  of  the  comparative  acidity  of  the 
soil  of  our  Plat  32  and  of  the  Rothamstead  grass  lands  treated  with 
ammonium  salts.  Owing,  however,  to  the  high  acidity  and  low 
clover  and  grass  yield  of  Plat  32,  its  condition  as  to  nitrate  con- 
tent deserves  careful  consideration. 

Brown  and  Maclntire'^  studied  the  field  supply  of  nitrates  in  the 
soils  of  two  each  of  the  nitrate  of  soda  and  sulphate  of  ammonia  plats 
under  corn,  beginning  before  the  land  was  fertilized  in  the  spring 
and  continuing  after  the  crop  was  harvested.  The  nitrate  plats 
were  slightly  acid.  Plat  30  more  so.  Plat  32  highly  acid.  The  aver- 
age quantities  of  nitrates  (NOg)  in  parts  per  million  of  the  dry 
soil,  found  during  the  several  months,  were:— 


Treatment. 
■  -  '              .                Plat  No. 

Nitrate  of  Soda. 

24  lbs. 
N. 

72  lbs. 
N. 

2S 

28 

P.  p.  m 
47.0 
52.8 
41.5 
3.6 
14.5 

P.  p.  m, 
82.2 
88.8 
64.7 
10.1 
43.3 

Ammonium 
Sulphate. 


24  lbs.    i   72  lbs. 
N.  N. 


30 


P.  p.  m. 
31.6 
59.9 
54.0 
9.8 
32.3 


32 


p.  TO. 

23. G 
S7.3 
104.8 
47.2 
85.2 


^See  pp.  102-103. 

'A.  D.  Hall,  N.  H.  J.  Miller  and  C.  T.  Gimingham:  Proc.  Roy.  Soc.  London,  (3) 
80  (1908)  No.  B  539,  196-212. 
'Rept.  Penna.  State  College,  1909-1910,  p.  50. 
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The  smaller  growth  of  corn  on  Plat  32  might  be  expected  to  take 
from  the  soil  less  nitrogen  than  the  larger  crops  produced  by  the 
other  plats,  and  thus  leave  in  Plat  32  a  residue  so  large  as  to  con- 
fuse our  ideas  of  the  soil  processes  themselves.  The  crop  was  har- 
vested, however,  on  September  21st,  and  the  amounts  of  nitrates  m 
the  soils  of  Plats  28  and  32  just  before  and  after  that  time,  were: 


Plat  28. 

Plat  32. 

September 
September 
October  4, 

53.1 

71.6 

27  

29.0 
49.3 

96.3 
167.1 

Here  nitrification  proceeded  more  rapidly  on  Plat  32,  with  a  lime 
requirement  of  2,107  pounds,  than  it  did  on  Plat  28,  with  a  lime 
requirement  of  706  pounds. 

Observations  made  at  the  same  time  on  Plat  82  of  the  other 
tiers  showed  that  the  rapidly  growing  oats,  wheat  and  grass  of  these 
tiers,  took  up  the  nitrates  about  as  rapidly  as  they  formed.  After 
oats 'harvest  and  wheat  seeding,  however,  this  soil  on  Tier  I  showed 
an  increase  of  nitrates  from  4.1  parts  per  million  of  dry  soil  on 
August  23d  to  64.9  parts  on  October  4th. 

J.  W.  White^  having,  as  earlier  noted,  found  these  plats  to  be 
highly  variable  in  their  reaction,  made,  in  1913,  a  most  systematic 
sampling  and  analysis  of  small  sub-divisions  of  the  plats  No.  32  on 
the  four  tiers.  He  found,  of  these  small  sub-divisions,  that  some 
were  alkaline,  while  the  most  acid  required  6,903  pounds  of  calcium 
carbonate  (3,866  lbs.  calcium  oxid)  for  its  neutralization;  while 
the  nitrates  (NO3)  ranged  from  .069  to  355.27  parts  per  million. 
But  both  extremes  were  observed  on  highly  acid  sub-divisions.  In 
fact,  some  spots  so  acid  that  no  plants  of  any  kind  grew  upon  them, 
were  rich  in  nitrates. 

G.  C.  Given,^  has  made  repeated  nitrification  studies  upon  the 
soils  of  Plats  1,  9,  22,  23  and  32,  Tier  II,  which  were  used  for  his 
ammonification  study  previously  described.  The  details  are  too 
voluminous  for  presentation  here.  In  one  case,  a  fertile  soil,  steril- 
ized and  reinforced  by  a  small  addition  of  ammonium  sulphate, 
was  inoculated  by  the  bacterial  flora  in  unit  weights  of  the  soils 
from  the  respective  plats.  The  nitrates  developed  by  the  action 
of  the  bacteria  from  Plat  32,  though  it  had  a  much  smaller  bac- 
terial population  according  to  earlier  counts,  were  fully  as  abund- 
ant as  those  developed  from  Plats  1  and  9,  with  about  twice  as  many 
bacteria,  and  from  Plat  22,  with  three  times  as  many.  Not  all  of 
the  nitrifiable  material  had,  however,  been  used  up  in  any  of  these 

iRept.  Penna.  State  College  1913-14 

^'Rept.  Penna.  State  College,  1911-12;  1912-13. 
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cultures.  If  the  assumption  is  correct  that  the  relative  numbers 
of  the  bacteria  in  these  plats  were  the  same  as  at  the  time  of  the 
count,  and  if  it  be  further  assumed  tliat,  in  each  case,  the  nitri- 
fying bacteria  were  present  in  these  soils  in  like  proportion  to  the 
total  number  of  bacteria,  it  would  appear  that  these  results  could 
be  explained  only  by  the  possession  of  higher  vigor  by  the  nitrifying 
organisms  on  Plat  32  than  by  those  on  the  other  plats.  Whatever 
the  reason  may  be,  the  result  remains— though  further  repetition 
of  the  tests  is  desirable  for  the  thorough  establishing  of  this  re- 
lationship. 

In  other-  oft  repeated  tests,  Given  inoculated,  after  sterilization, 
soils  from  (he  several  plats  after  adding  sufficient  solution  of  am- 
monium sulpliate  to  insure  the  presence  in  each  of  a  liberal  supply 
of  readily  available  nitrogen.  The  inoculations,  in  these  cases, 
Avere  from  a  single  fertile  soil.  Here  too,  while  the  nitrates  present, 
as  the  experiment  progressed,  exhibited  considerable  variation,  the 
soil  of  the  highly  acid  Plat  No.  32  appeared  about  as  favorable  for 
nitrification  as  the  soils  of  Plats  1  and  9,  both  very  much  less  acid. 

To  summarize  the  results  obtained  on  the  most  acid  fertilizer  plats 
of  the  Pennsylvania  Station:  They  are  not  deficient  in  nitrates. 
Though  having  a  diminished  bacterial  population,  they  probably  con- 
tain either  as  many  nitrifying  bacteria  as  the  other  plats  of  the 
same  land,  or  a  more  vigorous  strain  of  such  bacteria.  After  sterili- 
zation and  consequent  incubation,  this  acid  soil  is  as  favorable  to 
nitrification  as  soils  of  less  acidity  and,  in  the  earlier  stages,  as  al- 
kaline soil  from  the  same  land. 

This  topic  has  received  so  extensive  and  detailed  discussion  be- 
cause the  Englisli  observations  upon  the  Rothamstead  and  Woburu 
soils  that  have  turned  acid  in  consequence  of  ammonium  sulphate 
fertilization,  have  been  made  the  bases  for  the  very  broad  state- 
ment tliat  Jiitriflcation  is  practically  suspended  in  acid  field  soils, 
that  the  nitrogenous  supply  obtained  by  plants  growing  on  sucli 
soils  must  be  secured  largely  and  directly  from  ammonium  salts 
there  present,  and  that  the  deficiency  of  nitrates  may,  in  very  large 
measure,  account  for  the  crop  shortages  observed  in  case  of  such 
soils. 

It  is  well  known  that,  when  grown  in  liquid  media,  the  nitrifying 
organisms  are  very  sensitive  to  acidity;  also,  that  nitrates  are  con^ 
monly  absent  from  acid  forest  lands— though  A  Petit^  reports  the 
presence  of  these  constituents  in  acid  forest  lands  devoid  of  car- 
bonates. 

On  the  other  hand,  it  has  come  to  be  recognized  that,  for  nitrifi-' 
cation  studies,  a  soil  medium  gives  results  differing  considerably 

'Ann.  Sci.  Agron.  30,  (2)  397-8.  '  
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from  those  obtained  iu  luiuid  cultures/  Hence,  the  tindings  with 
liquid  cultures  should  uot  be  us>ed  unreservedly  in  judging  soil  be- 
havior. 

In  view  of  the  facts,  it  is  clear  that  the  results  obtained  by  Hall 
and  ourselves  upon  soils  that  have  become  acid,  under  like  treat- 
ment and  apparently  from  the  same  cause,  are  so  widely  different  that 
neither  should  be  used  as  the  basis  for  conclusions  as  to  the  con- 
dition of  soils  in  general  when  so  fertilized.  There  is  evident  need 
for  extending  our  investigations  to  other  such  soils  in  order  that 
we  may  have  facts  suitable  for  generalization. 

Veitch^  states,  in  connection  with  an  account  of  certain  pot  ex- 
periments in  growing  oats,  beans  and  buckwheat  upon  acid  and  alka- 
line soils,  respectively,  that  while  the  quantities  of  nitrogen  removed 
by  the  crops  from  the  several  soils  indicate  a  more  rapid  nitritica- 
tion  upon  the  alkaline  soils,  the  composition  of  the  crops  grown  upon 
the  acid  soils  indicates  that  nitrification  was  not  the  controlling 
factor  in  crop  yield.  Evidence  of  this  kind  is,  of  course,  indirect,  and 
affords  no  facts  bearing  positively  upon  the  point  here  at  issue. 
It  is,  nevertheless,  of  some  suggestive  value  in  this  connection. 

Meanwhile,  we  have  left  the  fact  that,  alike  at  Eothamstead, 
Woburn,  and  here  at  the  Pennsylvania  Station,  these  acid  soils  are 
unfavorable  to  grasses  and  clover,  and  are  driven  from  the  explana- 
tion that  the  unfavorable  condition  is  due  to  a  suspension  of  nitri- 
fication in  these  soils. 

Upon  Nitrogen-Fixing  Bacteria. 

Investigations  upon  thiss  subject  are  in  progress  in  the  writer's 
(aboratory,  but  the  results  thus  far  obtained  do  not  justify  a  con- 
clusion at  this  time.    _ 

BEHAVIOR  OF  THE  ACID  CONSTUENTS  IN  SOILS  ACID  FROM  AMMO- 
NIUM SULPHATE  ADDITIONS. 

The  specifically  acid  constituents  of  the  Pennsylvania  Station's 
plats,  acid  from  sulphate  of  ammonia  treatment,  liave  not  yet  been 
sutficiently  studied  to  throw  much  light  on  their  character,  and 
lange  of  effects. 

The  studies  by  Brown^  upon  the  acidity  of  Plats  26,  38,  30'  and 
32  of  Tier  II,  in  sod,  October  30,  1908,  at  the  Pennsylvania  Station, 
show  very  marked  differences  in  the  lime  fCaO)  requirements  of 
the  upper  fi  inches  of  soil  on  these  plats.  While  no  facts  concern- 
ing the  properties  of  tlie  soil  acidity  are  given  in  Brown's  re- 
port, the  percentages  of  the  total  nitrogen,  hydrogen,  organic  car- 

^See  Stevens  and  Withers,  C^ntralbt.  f.  Bakt.,  II  Abth,  23  (1909)  355. 
"BuU.  No.  90,  U.  S.  Bureau  of  Chemistry,  p.  185. 
'Rept.  Peuna.   State  College,  1908-9,  pp.  84-92. 
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bon  and  alkali-soluble  humus  in  the  soil  samples  used  for  acidity 
determinations,  are  stated.  The  lime  requirements  differed  greatly 
on  the  ditferent  plats,  but  these  variations  showed  no  consistent  re- 
lationship to  the  changes,  from  plat  to  plat,  of  the  elementary  con- 
stituents of  the  humus.  In  other  words,  the  acid  materials,  what- 
ever their  nature,  bore  no  fixed  proportion  to  either  the  total  or- 
ganic matter  or  to  the  alkali-soluble  humus  of  these  soils. 

Of  the  Eothamstead  soil,  HalP  states  that  the  acidity  is  chiefly 
due  to  sparingly  soluble  "humic  acids,"  though  free  hydrochloric 
and  sulphuric  acids  also  are  present;  at  least,  water  extracts  from 
the  soil  contain  soluble  acid  in  amounts  proportional  to  the  quanti- 
ties of  ammonium  chlorid  and  sulphate  used. 

Voelcker,2  studying  the  Woburn  soil,  states,  on  the  other  hand, 
that  the  acidity  of  the  soil  can  be  wholly  removed  by  washing  it 
with  water;  that  these  washings,  when  applied  to  an  ordinary  soil, 
do  not  diminish  its  productiveness;  that  the  washed  soil  still  con- 
tains enough  lime  to  produce  a  healthy  crop;  that  the  acidity  is 
due,  not  to  mineral  acids,  but  to  weak  organic  acids  or  acid  salts; 
and,  finally,  that  if  the  acid  soil  be  spread  out  exposed  to  the  air 
and  repeatedly  shovelled  over,  at  the  end  of  five  months  the  acidity 
is  found  to  have  disappeared. 

These  results  from  the  Woburn  grass  lands,  and  those  earlier 
stated  from  the  Pennsylvania  grass  lands,  showing  that  the  acid 
constituents  in  the  respective  cases  are  recovered  by  leaching  with 
water  or  with  weak  ammonia,  differ  quite  distinctly  from  those  men- 
tioned by  Veitch^  for  a  black  humus  sand  of  acid  reaction  that  he 
used  for  pot  experiments  with  beans  and  that  had  a  total  apparent 
acidity  of  4,000  parts  per  million,  of  which  only  TOO  parts  were 
soluble  in  water,  and  only  250  parts  in  sodium  chlorid  solution; 
so  that  most  of  the  acidity  was  due  to  insoluble  organic  acids  and 
possibly  also  to  non-acid  organic  materials. 

The  investigator  *  last  named  observes  that  the  highly  acid  soils 
he  studied,  exhibited  a  marked  tendency  to  hold  moisture,  and  to 
become  sticky  and  water-logged. 

DISTRIBUTION  OF  SOIL  ACIDITY. 
In  practice,  owing  to  the  intimate  relationship  between  surface 
and  sub-soil,  and  to  the  extension  of  normal  root  systems,  especially 
of  tap-rooted  plants,  like  clover  and  alfalfa,  below  the  surface  soil 
level,  it  is  important  to  consider  to  what  extent,  if  at  all,  the  sub- 
soil region  is  acid. 

^Proc.  Roy.  Soc.  London,  80  (1908)  No.  Sm9,  196-212 
=.T.  Roy.  Agr.  Soc.  England,  fi4  (1903)  .348-3(34. 
^U.  S.  Burenu  of  Chemistry,  Bulletin  No.  90,  186. 
■•Work  above  cited,  p.  186;  also  Bulletin  No.  99,  p.  119, 
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Brown^  studied  tlie  lime  requirements  by  the  Veitch  method,  of 
the  soils  of  Plats  26,  28,  30  and  32,  Tier  II,  sampled  in  October, 
1908,  as  shown  by  three  layers  comprising  the  surface  three  inches, 
the  second  three  inches,  and  the  next  lower  six  inches.  Plats  26 
and  28  had  received  complete  fertilizer  with  nitrate  of  soda;  Plats 
30  and  32,  complete  fertilizers  with  sulphate  of  ammonia, 
biennially  since  1881.  The  samples  were  composed  of  six  sub- 
samples  carefully  taken  from  each  plat.  In  the  light  of  our  recent 
knowledge  of  the  extreme  variability  of  the  horizontal  distribution 
of  acidity  in  these  soils,  samples  should  be  composed  of  a  greater 
number  than  six  sub-samples,  but  the  results  secured  by  Brown  are 
doubtless  approximately  representative  of  the  conditions  at  the 
time  of  sampling.  The  resiilts  stated  are  the  averages  of  three  sets 
of  determinations  upon  each  sample.  The  figures  given  have  been  re- 
calculated by  the  writer  to  terms  of  pounds  of  lime  (CaO)  required 
to  neutralize  the  acidity  of  the  respective  layers  over  an  acre  area. 
This  soil  weighs,  (when  dry)  about  3,500,000  pounds  per  acre,  taken 
to  a  depth  of  one  foot.  In  the  absence  of  exact  determinations  of 
the  soil  density  at  different  depths,  no  correction  for  the  greater 
density  of  sub-soil,  as  compared  with  surface  soil,  has  been/attempted. 

In  the  same  connection.  Brown  presents  figures  representing  the 
lime  requirements  of  the  first  and  second  6-iuch  layers  of  Plats  26. 
28,  30,  31  and  32,  of  Tier  I,  on  July  22,  1908,  when  in  corn ;  and  of 
the  like  numbered  plats  of  Tier  II,  on  August  15th,' when  in  young 
grass.  These  results  have  been  recalculated  by  the  writer  to  the 
same  basis  of  the  required  amounts  of  lime  (CaO)  per  acre. 


Quantity    ot  tertilizei' 
applied. 

Plat  Nos. 

Lime  requirement 

Nitrate  of  Soda. 

Sulphate  of  Ammonia. 

24  lbs.  N. 

48  lbs.  N. 

73  lbs.  N. 

24  lbs.  N. 

48  lbs.  N. 

72  lbs.  N. 

26 

27 

28 

30 

31 

32 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Tier  I.  Corn,  July  2?,  .. 
First,   6  in  

Tier    II.    Young  grass 
Aug.  15: 

First  6  in  

Seeona  6  in.,   

Tier  III.   Sod,   Oct.  30: 

1,201 
90O 

0 

225 

750 
0 

2.550 
1,650 

4.400 
1,800 

5,100 
1,400 

2,101 

564 
525 

470 

m 

750 
470 

4,200 

1,950 
1,200 

e,200 

2.40O 

1,9.50 

4,350 

7,500 

3.900 
2,250 

1,089 

210 
83 
385 

„  1,070 

1,220 

254 
171 
IKS 

3,150 

289 
158 

6,150 

634 

586 
551 

3-6  inches  

678 

583 

740 

1,671 

^Report  Penna.  State  College,  1908-9,  pp.  84-92. 
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Owing  to  the  lack  of  uniformity  of  the  soils*  of  the  respective  tiers 
of  plats,  the  acidities  under  different  crop  conditions  are  not  strictly 
comparable.  These  figures  show  that  where  the  surface  soil  is  acid, 
the  second  six  inches  also  of  the  soil  are  distinctly  acid,  with  the 
single  exception  of  Plat  28,  Tier  I.  On  the  other  hand,  Plat  27,  of  the 
same  Tier,  shows  a  slight  acidity  of  the  sub-soil,  although  the  sur- 
face sample  was  not  acid.  In  all  other  cases,  the  sub-soil  was  less 
acid  than  the  surface,  save  in  that  of  Plat  26,  Tier  II.  In  three 
cases  out  of  the  four,  in  which  the  first  and  second  3-inch  layers 
were  separately  tested,  the  second  three  inches  was  less  acid  than 
the  uppermost  layer. 

In  the  fall  of  1913,  Mr.  J.  W.  White,'  determined  the  lime  require- 
ments of  the  successive  3-inch  la^^ers  of  the  soil  on  certain  areas 
of  the  Plats  No.  32  on  Tiers  II,  III  and  IV,  namely,  area  14,  upon 
which  corn  had  failed;  Area  39  upon  which  clover  had  failed  and 
sorrel  taken  its  place;  and  Area  40,  on  which  wheat  has  failed  and 
been  replaced  by  sorrel  and  red  top.  '  On  each  of  these  areas,  the 
sampling  and  analyses  were  made  on  two  dates.  The  results  have 
been  re-computed  by  the  writer  so  as  to  present  the  lime  (CaO)  re- 
quirements upon  the  assumption  that  each  of  the  acre  3-inches 
layers  weighs  875,000  pounds,  the  adoption  of  this  method  increasing 
the  apparent  acidity  of  the  upper  layers  and  decreasing  that  of  the 
lower  layers,  as  compared  with  the  real  facts,  for,  the  upper  layers 
weigh  less  than  the  lower  soil  layers  of  equal  thickness. 


Lime  Requirements  at  DifEerent 

Depths. 

Area  14,  Plat 

32,  II. 

Area  39',  Plat  32,  III. 

Area  40.  Plat  3 

2,  IV. 

Sept. 

2 

Sept. 
6. 

Aver- 
age. 

Aug. 
26. 

Sept. 
6. 

Aver- 
age. 

■^ug. 
18. 

Sept. 
6. 

Aver- 
age. 

Layers: 

0-  3  inches,   

3-  6  inches,   

6-  9  inches  

9-12  inches,   

12-15  inches  

15-18  inches,   

18-21  inches,   

21-24  inches,   

lbs. 

1,GS6 
880 
974 
530 
487 
743 
891 
812 

lbs. 
1,292 
1,213 

982 
572 
538 
393 
401 
461 

lbs. 
1,489 
1,046 
978 
551 
512 
568 
646 
636 

lbs. 
1,059 
1,3S4 
1,145 
658 
179 
103 
239 
359 

lbs. 
1,384 
1,307 
1,127 
470 
205 
282 
487 
505 

lbs. 

1  222 
l!s45 
1,136 
5C4 
192 
191 
353 
432 

lbs. 
1,393 
1,403 
l,0i68 
675 
555 
649 
675 
615 

lbs. 
1,393 
1,409 
1,017 
282 
410 
649 
726 
759 

lbs. 
1.393 
1,403 
1,042 
478 
482 
649 
70O 
705 

■  Total  

6,426 

5,435 

6,855 

In  these  cases,  the  acidity  is  greater,  in  four  cases  out  of  six, 
in  the  second  3-inch  layer,  than  in  the  uppermost.  That  of  the 
third  is,  in  all  but  one  case,  less  than  of  the  second.  After  a  depth 
of  nine  inches  is  reached,  tlie  acidity  falls  off  sharply,  but  increases 
again  to  a  slight  degree,  but  yet  considerably,  in  the  lowermost  six 


^Rept.  Penna.  State  College,  1913-14. 


125 


to  Bine  inches  of  the  two-foot  thickness  here  represented.  It  is 
clear,  as  Brown  has  suggested  in  the  paper  first  above  cited,  that 
if  the  surface  be  so  highly  acid  as  to  kill  the  young  plant  or  stunt 
its  root  development,  the  acids  of  the  lower  soil  layers  may  exert 
no  direct  influence  upon  plants  thus  situated.  Our  studies  have  not 
yet  taken  into  consideration  the  topics  of  acid  transfer  by  rain 
leaching,  or  its  rise  with  capillary  waters.  We  know  nothing,  there- 
fore, of  the  indirect  relationships  of  this  sub-soil  acidity.  In  so  far, 
however,  as  crop  roots  penetrate  these  lower  layers,  they  would  prob- 
ably be  somewhat  affected  by  the  acid  condition  of  these  soil  layers, 
and  it  becomes,  for  tliis  reason,  a  question  whether  in  calculating 
the  lime  requirements  of  the  soil,  it  is  wise  to  base  our  judgment 
wholly  upon  surface  conditions. 

The  literature  of  the  subject  shows  few  other  studies  of  the  re-, 
actions  of  the  sub-soils  of  acid  lands.  Hopkins^  and  liis  associates 
mention  the  occurrence  of  certain  soils  in  Hardin  and  LaSalle  coun- 
ties, Illinois,  that  show  sub-soil  strongly  acid  when  tested  by  tlie 
Hopkins  method.  Veitch-^  mentions  a  Maryland  soil,  on  which  alfal- 
fa had  failed,  that  was  alkaline  as  to  the  upper  three  inches,  but 
acid  below"  that  depth. 

PLANT  FOOD  DEFICIENCIES  ASSOCIATED  WITH  SOIL  ACIDITY. 

Aside  from  the  deficiency  of  alkaline  and  alkaline  earth  carbon- 
ates which  an  acid  condition  of  the  soil  bespeaks,  and  from  the  de- 
ficiency of  nitrates  possible  in  some  cases,  there  is  another  asso- 
ciated deficiency  concerning  which  several  observers  have  waitten. 
We  are  not  here  concerned  with  the  lack  of  potash  common  to  most, 
though  not  all  peaty  soils,  but  to  a  lack  of  available  phosphoric  acid 
observed  in  acid,  arable  lands.  '  . 

A.  K.  Whitson  and  C.  W.  Stoddart,^  in  a  study  of  the  behavior 
of  acid  soils  to  fertilizer  additions,  found  in  them  a  general  response 
to  the  addition  of  phosphates,  indicating  the  lack  of  available  phos- 
phoric acid.  Stoddart*  thereupon  studied  the  amount  and  condition 
of  the  phosphorus  in  the  humus  of  both  acid  and  neutral  or  alka- 
line soils.  He  found  the  amounts  of  humus  phosphorus  to  be  sub- 
stantially the  same  in  both  kinds  of  soils,  but  in  the  neutral  or 
alkaline  soils  the  phosphoric  acid  was,  largely  combined  with  cal- 
cium and  thus  quite  available  to  plants,  while  in  the  acid  soils 
the  combination  was  chiefly  with  iron  and  not  readily  useful  to 
growing  crops. 

'Illinois  Station,  Soil  Reports.  Nos.  3  and  5. 

^Bulletin  No.  99,  U.  S.  Bureau  of  Chemistry,  p.  120.  .  - 

'Report.  Wis.   Agr.   Exp.    Station,   1906,  171-180. 
-Jour.  Ind.  &  Eng.   Chem.,  1  (1909)  69-74. 
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S.  D.  Conner  and  J.  B.  Abbott/  after  studying  unproductive 
black  soils  in  northwestern  Indiana,  state  that  in  those  that  are 
acid,  phosphoric  acid  fertilizers  as  well  as  the  addition  of  limestone  is 
usually  required. 

ACIDITY  LIMITS  FOR  CLOVER  AND  ALFALFA. 
A  question  of  much  practical  importance  relates  to  the  degree 
of  soil  acidity  at  which  clover  and  alfalfa  fail  to  grow  profitable 
crops.  The  determination  of  the  question  offers  much  difdculty  because 
soil  acidity  is  but  one  of  a  number  of  adverse  conditions  limiting  the 
growth  of  these  crops  on  many  soils.  The  evidence  now  available 
for  determining  the  question  is  not  sufficient  for  a  definite  conclu- 
sion, but  deserves  careful  consideration  because  of  the  high  cost  of 
the  measures  needful  to  be  taken  for  correcting  acidity. 

■  .  -     ,  •       ■  .      Clover.  • 

After  a  general  summary  of  crop  conditions  upon  the  General 
Fertilizer  plats  of  the  Pennsylvania  Station  in  1907,  Hunt^  said: 
"In  later  years  when  the  plat  of  any  tier  receiving  72  pounds  of 
nitrogen  as  sulphate  of  ammonia  is  sown  to  clover  and  timothy  the 
stand  of  clover  is  almost  a  failure  and  in  its  place  sorrel  {Rumex 
Acetosella)  appears.  On  plats  receiving  48  pounds  of  nitrogen  as 
sulphate  of  ammonia,  the  failure  of  clover  is  less  marked  and  the 
sorrel  occurs  less  abundantly,  while  wliere  24  pounds  of  nitrogen 
were  applied  the  injurious  eftect  of  the  sulphate  is  as  yet  only 
slightly  apparent.  In  all  plats  where  nitrogen  is  applied  in  other 
forms,  sorrel  does  not  occur  in  any  material  quantity  and  no  special 
difficulty  in  securing  a  stand  of  clover  has  been  experienced." 

Keferring  to  the  acidity  determinations  given  on  an  earlier  page 
for  the  respective  plats^*,  we  find  that,  when  under  wheat  and  grass, 
Plat  No.  30  (24  lbs.  nitrogen  as  sulphate  of  ammonia)  had  an  acidity 
of  1,166  pounds  (CaO  equivalent),  while  the  acidities  of  Plats  31  and 
32,  (receiving  respectively  twice  and  three  times  as  much  sulphate 
of  ammonia)  were  2,076  and  1,725  pounds.  Plat  No.  19  receiving 
a  complete  fertilizer  with  nitrogen  in  dried  blood,  had  an  acidity 
of  1,258  pounds.  Under  sod,  the  acidities  of  Plats  30-32  were  re- 
spectively 1,753,  2,161  and  2,093  pounds,  and  the  plat  next  in  order 
of  acidity  was  No.  17,  also  a  dried  blood  plat,  with  1,078  pounds. 
Pot  experiment  by  Gardner  and  Brown*  upon  the  growth  of  clover 
on  aoils  from  the  several  plats,  showed  that  somewhere  above  1,000 
pounds  of  acidity  (calculated  for  an  acre  to  the  depth  of  7  inches) 

^Indiana  Agr.  Expt.  Stat.,  Bulletin  No.  157,  pp.  23.5-264. 
^Report  Penna.  State  College,  1907-8,  p.  87. 
'See  page  113. 

"Report  Penna.  State  College,  1910,  pp.  60  seq. 
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and  below  1,500  pounds,  lay  the  critical  point  for  clover  growth  upon 
this  soil.  Later  experiments  by  J.  W.  White^  give  substantially  the 
same  indication. 

Veitch,2  found  that  certain  unlimed  plats  of  the  Ohio 
Station,  at  Wooster,  O.,  had  an  acidity  of  700  to  1,100  parts 
per  million  (equivalent,  using  the  factor  employed  in  the  Pennsyl- 
vania experiments,  to  1,330  to  2,090  pounds  an  acre)  and  states 
that  all  the  crops  that  have  been  grown  except  red  clover,  offer 
considerable  resistance  to  acidity.  He  gives,  however,  no  indications 
that  clover  gave  a  good  stand  on  any  of  these  plats.  This  investi- 
gator describes  a  small  plat  experiment  also  made  upon  a  long  un- 
cultivated, sour  soil,  having  an  acidity  of  700  parts  per  million  (1,- 
330  pounds  per  acre  7  inches,  using  the  Pennsylvania  soil  weight). 
Of  this  soil,  all  plats  received  complete  fertilizer  with  nitrate  nitro- 
gen; one  plat  was  given  enough  lime  to  reduce  the  acidity  to  300 
parts  per  million  (570  pounds  per  acre)  and  three  other  plats 
enough  to  make  them  alkaline  in  differing  degrees.  Clover  started 
well  on  the  unlimed  soil,  but  presently  fell  behind,  and  the  crop 
obtained  was  less  than  half  that  given  by  the  partially  neutralized 
soil;  while  that,  in  turn,  nearly  equalled  the  slightly  alkaline  plat, 
which  gave  the  highest  yield. 

The  same  writer^  states  that,  on  the  general  farm  areas  of  the 
Maryland  Experiment  Station  farm,  red  clover  does  not  grow  satis- 
factorily where  the  acidity  is  as  low  even  as  100  to  600  parts  per 
million  (equivalent  to  800  to  1,200  pounds  of  lime  to  the  acre — 7 
inches). 

J.  G.  Lipman  and  A.  W.  Blair,*  in  the  course  of  field  experiments 
upon  the  nitrogen  supply  of  the  soil,  divided  the  plats  into  two 
groiips,  parallel  as  to  fertilizer  additions,  but  differing  in  the  fact 
that  those  of  Group  A  were  not  limed,  while  those  of  Group  B  re- 
ceived an  application  of  ground  limestone.  They  found,  after  a  num- 
ber of  years,  that  all  the  plats  were  acid,  those  of  the  unlimed  group 
requiring  from  1,000  to  2,000,  average,  1,840  pounds  of  lime;  those 
of  the  limestone  treated  group,  about  700  pounds.  Volunteer  clover 
sprang  up  on  most  of  these  plats,  but  its  yield  on  the  plats  of 
Group  B  was  about  twice  as  great  as  upon  those  of  Group  A. 

Alfalfa. 

In  the  experiment  above  described,  Veitch  included  sub-plats  of  al- 
falfa on  the  soils  severally  treated  as  above  stated.  The  alfalfa  failed 
absolutely  on  the  unlimed  soil,  and  its  plants  were  decidedly  yel- 

^Ib.  1913-14. 

^Bull.  No.  99,  U.  S.  Bureau  of  Chem.  p.  121.  .  . ,  ' 

'Bulletin  No.  90,  U.  S.  Bureau  of  Chemistry,  p.  186. 
J.  Agr.  Exp.  Stations,  Bulletins  No.  260,  p.  33. 
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low  on  the  partially  neutralized  plat,  but  dark  green  on  the  slightly 
and  moderately  alkaline  soils;  but  the  final  yield  from  the  par- 
tially neutralized  land  was  equal  to  that  from  these  latter  soils. 

In  the  same  connection,  Veitch  states  that  on  a  certain  soil  of 
the  Maryland  Station  upon  which,  after  a  moderate  liming,  succeed- 
ing a  like  treatment  some  few  years  earlier,  alfalfa  was  sown,  the 
land  showed,  in  the  following  spring,  spots  bare  of  the  crop.  These 
spots  has  an  acidity  of  600  parts  per  million  (1,140  pounds  per  acre — 
7  inches),  but  neighboring  places  where  alfalfa  remained,  were  dis- 
tinctly alkaline.  After  two  cuttings,  however,  the  crop  on  the  al- 
kaline soil  died,  and  weeds  and  crab-grass  took  its  place.  Ee-ex- 
amination  of  the  soil  showed  that  while  the  surface  3  inches  was 
alkaline,  the  sub-soil  was  acid,  a  fact  which  may  account  for  the 
failure  of  this  acid-sensitive  crop. 

While  there  are  many  observations  of  record  concerning  the  failure 
of  these  leguminous  crops  upon  acid  soils,  there  are,  unfortunately, 
few  in  which  the  degrees  of  acidity  compared  were  determined  with 
sufficient  exactness  for  present  use.  Considering  how  many  factors 
are  determining  upon  crop  growth,  we  shall  not  expect  the  same  de- 
gree of  acidity  to  be  of  equal  effect  upon  all  soils. 

ACIDITY  SOMETIMES  TEMPORARY. 

When  a  soil  becomes  acid  because  of  the  influence  of  a  growing 
crop,  from  its  fresh  residues,  or  by  its  being  turned  under  as  a 
green  manure,  if  the  soil  be  kept  moist  and  well  aerated,  purely 
natural  agencies,  especially  the  action  of  soil  bacteria,  many  erelong 
destroy  the  organic  acid  materials,  and  restore  the  land  to  its 
original  neutral  or  slightly  alkaline  state.  All  plant  ashes  are  more 
or  less  alkaline,  and  the  mineral  matter  of  the  plants  may  be  ex- 
pected to  exercise  an  alkaline  influence  as  soon  as  the  organic  ma- 
terials with  which  they  are  combined  in  the  plant,  have  been  de- 
stioyed.  We  have  already  mentioned  the  observations  of  White 
that  acid  land  kept  fallow  decreased  its  acidity,  and  of  Voelcker 
that  prolonged  stirring  and  aeration  of  highly  acid  soil  led  to  its 
total  loss  of  acidity. 

Coville^  notes  that  the  soils  of  forests  are  usually  acid  because 
of  the  acid  leaves  and  plant  roots  they  contain;  that,  immediately 
after  the  removal  of  the  timber,  most  crops  do  not  grow  well  upon 
the  cleared  land,  unless  it  first  be  burned  over;  but  that  after  a  few 
cultures  of  rye,  potatoes  and  buckwheat,  the  land  will  sometimes 
produce  heavy  crops  of  timothy,  wheat  and  clover,  and  continue  to 
do  so  for  many  years.    This  change  from  conditions  unfavorable 

^Bulletin  of  the  U.  S.  Dept.  of  Agr.,  No.  6,  p.  2. 
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for  acid-sensitive  crops  he  attributes  to  the  gradual  decrease  of  acid 
materials  and  the  liberation  of  the  alkaline  ash  constituents  of  the 
forest  residues. 

CROPS  ADAPTED  TO  ACID  SOILS. 
Coville,  in  the  bulletin  just  mentioned,  urges  that  the  owner  of 
acid  lands  which  it  is  impracticable  to  amend  by  alkaline  dress- 
ings, may  continue  to  keep  his  fields  under  crops  by  having  recourse 
to  such  plants  as  are  not  acid-sensitive.  Among  the  crop  plants  of 
this  character  already  in  general  use  in  North  America,  he  mentions 
rye,  oats,  millet,  buckwheat,  corn,  red  top,  potatoes,  carrots,  turnips, 
sweet  potatoes,  black  berries,  raspberries,  red  and  black,  strawberries, 
cranberries  and  blue  berries;  and  among  the  legumes,  the  cow  pea, 
soy  bean,  hairy  vetch  and  crimson  clover.  A  rotation,  in  a  sandy 
orchard,  of  cow  peas  in  May  and  of  rye  and  vetch  in  September, 
both  plowed  under  shortly  before  the  succeeding  crop  is  sown,  is 
said  to  have  maintained  the  orchard's  progress;  and  a  one-year  ro- 
tation of  corn,  on  a  very  light,  sandy  soil,  followed  by  crimson 
clover  sown  at  the  last  corn  cultivation  in  August,  to  be  plowed  down 
the  following  April,  for  corn,  is  said  to  have  maintained  a  heavy 
corn  yield. 
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CHAPTEE  VI.— LIMING  FOE  SOIL  ACIDITY. 


In  the  introductory  chapter,  the  manifold  activities  of  lime  in  the 
soil,  and  numerous  ways  in  which  it  affects  plant  life,  directly  and 
indirectly,  have  been  suggested.  In  Bulletin  No.  61,  of  this  De- 
partment, the  effects  of  lime  upon  the  physical  characters  of  the  soil 
and  as  a  "liberator"  of  plant  food  held  by  the  soil  in  an  unavailable 
condition,  were  systematically  considered. 

During  the  period  since  that  bulletin  was  written,  much  study 
has  been  given  to  these  phases  of  the  agricultural  effects  of  lime. 
In  the  present  discussion,  however,  attention  will  be  limited  to  those 
details  that  have  relation  to  the  use  of  lime  for  neutralizing  soil 
acidity.  The  relations  of  the  magnesia  in  limestone  to  this  use  will 
be  presented  in  the  next  chapter. 

CHANGES  WHICH  LIME  UNDERGOES  IN  THE  SOIL. 

Wlien  ground  lime  (CaO)  is  mixed  with  soil  in  the  field,  it  is 
promptly  slaked  by  the  soil  moisture,  of  which  there  is  abundance 
for  the  conversion  of  the  oxid  to  the  hydi'ate  (Oa(OH)2)  form. 
Since  the  air  of  ordinary  soils,  more  or  less  supplied  with  decaying 
plant  residues,  is  commonly  richer  in  carbonic  acid  than  the  ordi- 
nary air,  and  since  the  slaked  lime  is  in  a  fine  state  of  sub-division 
and  also  usually  well  distributed  by  tillage  operations,  it  has  com- 
monly been  assumed  that  the  lime  hydrate  is,  in  turn,  quickly  con- 
verted to  the  carbonate  form  or,  at  least,  to  the  acid  carbonate, 
the  form  in  which  calcinm  carbonate  is  supposed  to  exist  in  solution 
in  well  waters.  Nevertheless,  this  common  belief  in  the  lime's  rapid 
conversion  to  acid  carbonate  is  based  largely  upon  a  theory  of  chemi- 
cal action  between  some  of  the  reacting  substtances  known  to  be  pres- 
ent, rather  than  upon  direct  investigation. 

Unfortunately,  there  has  been  very  little  investigation  of  such 
nature  as  to  lead  us  to  a  safe  conclusion  on  this  matter.  It  is  quite 
simple  to  ascertain  how  much  calcium  a  soil  contains,  but  very 
much  more  difficult  to  determine  with  certainty  the  states  of  com- 
bination in  which  it  is  held.  If  the  soil  be  acid,  the  excess  only 
of  lime  added  beyond  the  amount  required  to  neutralize  the  acid, 
is  left  free  to  combine  with  the  carbonic  acid,  although,  as  stated 
in  the  preceding  chapter,  organic  salts  of  calcium  formed  by  the  first 
action  of  lime  upon  the  soil,  would  probably  yield  calcium  carbonate 
as  their  residue  from  later  decomposition,  whenever  that  was  com- 
pleted. :    .  ' 
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Pennsylvania  Experiments.  ^ 
Some  years  ago,  Mr.  C.  W.  Norris/  in  the  writer's  laboratory,  de- 
termined in  what  measure  lime,  fresh  burned  and  fine  ground,  added 
to  nine  different  soils  at  the  rate  of  200  bushels  an  acre,  was  car- 
bonated by  the  end  of  10  months,  during  which  the  soils  were  held 
uncropped,  but  in  a  moist  state  and  exposed  to  the  air.  In  8  cases, 
the  increase  of  carbonates  in  the  limed  soils  was  equivalent  to  from 
18.2  to  50.9  per  cent,  of  the  lime  added;  in  one  case,  a  muck,  there 
was  less  carbonate  than  before  the  addition.  In  this  case,  since  the 
quantity  of  lime  added  was  only  1-200  of  the  weight  of  the  muck, 
the  formation  of  calcium  humate  may  have  required  all  of  the  lime 
added,  and  thus  account  for  the  results. 

Norris,  in  connection  with  his  studies  upon  the  carbonatation  of 
lime  added  to  soils,  studied  in  like  manner,  the  quantities  of  carbon 
dioxid  in  the  other  portions  of  the  same  soils  ten  months  after 
the  admixture  of  magnesium  oxid  in  quantities  equivalent  to  the 
amoTint  of  lime  used  in  the  parallel  experiments.  In  five  out  of  the 
eight  cases,  there  was  an  increase  of  carbon  dioxid,  the  increased 
quantities  being  sufficient  to  form  normal  carbonate  from  1.8  to 
56.9  per  cent,  of  the  added  magnesia;  on  the  average  of  these  five 
cases,  19.3  per  cent. 

In  1910,  W.  H.  Maclntire^  sampled  the  soils  of  Plats  16-24,  33  and 
31  in  each  tier  of  the  General  Fertilizer  Plats,  taking  samples  at 
10  points  on  each  plat,  so  as  to  represent  the  layers  0-7,  7-14,  and 
14-21  inches  deep  respectively.  Of  the  samples  thus  obtained,  the 
fine  earth  was  sifted  out  and  analysed  for  lime  (CaO)  and  carbonic 
acid  (CO2),  among  other  constituents.  Using  as  his  weight  factor 
for  an  acre  to  the  depth  of  seven  inches,  2,047,500  pounds,  he  ob- 
tained the  following  quantities  of  lime  in  the  three  layers  col- 
lectively : 


Un- 
fertilized.- 

Lime. 

I 

Crushed     j    Lime  and 
limestone.  !  manure. 

I 

Plat  24. 

Plat  23. 

Plat  34 

Plat  22. 

Lbe. 

21,969 
4,8Y1 
17,098 

Lbs. 

39,762 
10.703 
29,059 

Lbs. 

43,057 
18,413 
24,644 

Lbs. 

41,503 
11,766 
29,739 

That  is  to  say,  in  the  unfertilized  soil  only  one-fifth  of  the  lime 
present  was  combined  as  carbonate;  in  the  soil  that  received  lime  or 
lime  and  manure,  one-fourth;  in  that  receiving  crushed  limestone, 
three-sevenths.  The  amounts  of  carbonic  acid  found  in  these  soils 
by  Maclntire  are  in  substantial  agreement  with  those  found  in  th? 


^Bulletin  No.  61,  Penna.  Dept.  of  Agrie.  p.  143. 
^Rept.  Penna   State  College,  1911-12,  p.  640. 
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same  plats  in  1898  by  Enos  H.  Hess,^  working  under  the  writer's 
direction,  these  independent  observations  confirming  the  general 
correctness  of  the  findings  as  to  the  amounts  of  carbonates  in  these 
soils.    Deducting  from  the  amounts  of  lime  not  combined  as  car- 
bonates in  Plats  23,  34  and  32,  the  amount  of  this  constituent  that 
exists  in  non-carbonate  condition  of  combination  in  the  untreated 
soil  of  Plat  24,  we  find  that  the  limestone  plat  has  7,500  pounds, 
and  the  limed  plat,  12,000  pounds,  more  than  the  untreated  soil  con- 
tains of  lime  present  otherwise  than  as  carbonate,  excesses  chiefly 
due  to  residues  from  the  respective  treatments.    Unfortunately,  for 
present  purposes,  the  information  furnished  by  the  investigation  stops 
at  this  point — that,  of  both  the  lime  and  limestone  applied,  much 
remains  in  the  soil  not  combined  as  carbonate.    If  we  recall  what 
has  been  said  in  an  earlier  chapter  regarding  the  condition  of  the 
lime  in  old  mortar,  namely  that  in  the  interior  of  the  mass  the 
lime  remains,  a  little  combined  with  silica,  but  by  far  the  most  part 
in  its  original  state  as  hydrate,  we  might,  at  first  thought,  believe 
the  like  to  be  true  in  these  soils.    Two  facts  give  ground,  however, 
for  second  thought:    (1)  Much  of  the  calcium  applied  as  carbonate 
to  Plat  34  exists  there  no  longer  as  carbonate;  (2)  The  ingredients 
of  the  soil,  unlike  the  sand  of  mortar,  are  chiefly  present  in  a  finely 
divided,  and  very  considerably  in  a  hydrated  state,  thus  facilitating 
chemical  change.    Some  of  the  lime  not  carbonate  is  doubtless  pres- 
ent as  humate,  but  since  Plat  34  is  shown  in  the  same  investigation 
to  contain  only  55,000  pounds  of  that  organic  matter,  as  against 
52,000  pounds  present  in  the  unfertilized  soil  of  Plat  24,  the  3,000 
pounds  excess  of  organic  matter  in  Plat  34  could  hold  very  little 
of  the  excess  uncarbonated  lime  found  in  the  soil  of  that  plat. 

Early  Laboratory  Observations. 
That  lime  paste  can  act  at  ordinary  temperatures  upon  hydrated 
silica  and  certain  silicates  to  form  calcium  silicates  (hydraulic  mor- 
tars), has  long  been  known;  also,  that  potassium  and  sodium  in  com- 
plex silicates  can  be  replaced  by  calcium  when  the  silicates  are 
exposed  to  the  action  of  solutions  of  calcium  salts.  The  literature 
concerning  the  behavior  of  silicates  and  slightly  soluble  earthy 
carbonates  (calcium  and  magnesium  carbonates)  when  brought  into 
mutual  contact  under  soil  conditions,  is  very  meager. 

Tennessee  Experiments. 
■    Maclntire,  Willis  and  Hardy^  have,  however,  just  published  a  de- 
tailed account  of  an  extensive  series  of  experiments  which  indicate 
that  both  calcium  and  magnesium  carbonates,  but  especially  the  lat- 

19q'"°p'  m'  College,  1899-1900;  1900- 

"U'niv.  of  Tenn.  Agrl.  Exp.  Station,  Bulletin  No.  107;  Note,  Science,  Mar., 
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ter,  lose  much  of  their  carbonic  acid  after  a  few  weeks  exposure  in 
contact  with  silica,  acid  silicates,  or  titanic  acid,  if  moisture  be 
present.   A  few  weeks  appear  to  sufdce  for  the  almost  complete  re- 
moval of  the  carbon  dioxid  from  magnesium  carbonate,  whether  this 
he  used  as  the  finely  divided  basic  precipitated  carbonate,  as  mag- 
nesite  or  as  dolomite.    Even  when  the  silica  exists  as  coarse  sand, 
the  reaction  rate  is  quite  rapid,  though  less  rapid  than  when  the 
silica  is  more  finely  divided.   The  difference  iu  the  reaction  rate  for 
calcium  and  magnesium  carbonates  is  illustrated  by  two  sets  of  re- 
sults, one  representing  an  eight  weeks  contact  of  moist  soil  with 
finely  divided  carbonate  of  lime  added  at  the  rate  of  28,180  pounds 
in  2,000,000  pounds  of  soil  in  contrast  with  a  chemically  equivalent 
amount  of  precipitated  magnesium  carbonate  (basic)  ;  the  other, 
a  nine  weeks  contact  of  moist  soil  with  fine  ground  limestone  and 
fine  ground  dolomite  (highly  magnesian  limestone)  respectively, 
with  additions  of  manure  in  quantities  equal  in  each  case,  the  pro- 
portion between  soil  and  carbonate  being  identical  with  those  in 
the  former  set  of  experiments.    The  figures  show  (a)  the  calcium 
carbonate  equivalent  to  the  addition;   (b)  the  calcium  carbonate 
corresponding  to  the  difference  between  the  carbon  dioxid  found 
in  the  mixtures  at  the  end  of  the  respective  periods  and  that  present 
in  the  soil  at  the  beginning. 
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19,704 
541 

21,844 
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8,476 
27,639 

6.336 
16,500 


The  far  greater  decomposition  of  the  magnesium  carbonate,  as 
compared  with  calcium  carbonate,  is  made  clear  by  these  results. 

It  is  also  deserving  of  note  that  comparable  dressings  of  ground 
lime  and  hydrated  lime  were  made  in  the  former  of  these  experiments, 
and  that  the  gains  of  carbon  dioxid  by  the  soils  thus  treated  in 
eight  weeks,  were  almost  equal  to  those  appearing  where  calcium  car- 
bonate had  been  added  at  the  outset  and  exposed  to  soil  action  for 
the  eight  weeks  period. 
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It  is  clear  from  the  foregoing  that,  when  either  lime  or  calcium 
carbonate  is  applied  to  ordinary  soils  in  excess  of  the  quantity  re- 
quisite to  neutralize  existing  acidity,  there  is  some  degree  of  trans- 
formation into  non-carbonate  compounds,  very  probably  silicates 
or  titanates,  whose  value  in  determining  soil  reaction  has  not  been 
fully  studied.  Since,  however,  calcium  silicates  so  formed  may  be 
readily  decomposable  by  soil  acids  in  moist  soils',  leaving  very 
mildly  acid,  free  silica,  it  is  unsafe  in  our  present  ignorance  upon 
the  subject,  to  declare  that  lime  thus  combined  has  wholly  lost  its 
prime  agricultural  value,  and,  hence,  that  lime  applications  in  ex- 
cess of  current  needs  are,  for  this  reason,  not  economical. 

DOES  LIME  SINK  IN)  THE  SOIL? 

It  is  quite  generally  believed  that  lime  should  not  be  plowed  under 
— except  with  green  manure — but  should  always  be  applied  as  a  top 
dressing,  for  the  assigned  reason  that  it  always  tends  to  sink  into 
the  sub-soil,  and,  if  plowed  under,  would  not  benefit  the  surface 
layers  of  the  land.  It  is  worth  while,  because  of  this  belief,  to 
examine  carefully  such  investigations  as  we  possess  upon  the  sub- 
ject. 

There  are  several  studies  that  bear  upon  this  question.  Let  us 
consider  first  the  findings  of  Maclntire,^  in  the  study  mentioned  in 
the  preceding  section,  as  obtained  in  the  examination  of  the  soil 
at  0-7,  7-14,  and  14-21  inches  in  depth  on  the  plats  that  received  lime 
at  the  rate  of  2,000  pounds  every  four  years  since  1881,  those  that 
received  crushed  limestone  at  the  rate  of  2,000  pounds  every  two 
years,  and  adjacent  plats  that  received  no  application.  (Plats  22,  23, 
34  and  24,  respectively).  Taking  2,047,500  pounds  as  the  weight 
of  each  7-inch  layer  over  an  acre,  the  weights  of  total  calcium  oxid 
found  were: 
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10,319 

ii.(;9f) 

6,122 

The  representation  of  the  absolute  quantities  here  given,  is  not 
entirely  exact  for  the  reasons,  first,  that  the  analyses  represent  only 
the  fine  soil.  Both  lime  and  crushed  limestone  contain  many  coarser 
particles  that  would  not  pass  the  sieve  used  in  preparing  the  soils 


^Report  Penna.  State  College.  1911-12. 
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101'  analysis.  No  corrections  were  made  lor  these  coarser  materials. 
Second,  the  acre  weights  of  the  surface  and  sub-soil  layers  were 
assumed  to  be  the  same,  which  is,  of  course,  not  the  fact. 

However,  the  figures  show  very  clearly  that  lime  applied  as  top 
dressing,  either  alone  or  with  manure,  passes  down  to  the  sub-soil 
layers  only  very  slowly,  while  most  of  it  remains  for  years  in  the 
surface.  The  same  is  true  of  the  crushed  limestone,  though  more 
of  it  tends  to  work  its  way  downward  than  of  the  burned  lime, 
possibly  in  part  because  of  the  larger  crops  and  more  extensive  root 
systems  developed  with  this  treatment,  as  compared  with  those  of 
the  lime  and  unfertilized  plats.  _  , 

Veitch,^  proceeding  by  an  examination  of  the  effects  of  applica- 
tions of  lime,  hydrated  lime  and  carbonate  of  lime,  upon  the  acidity 
of  the  soil  at  different  depths,  studied  samples  from  about  60  fields 
on  soils  of  a  great  many  types,  and  compared  each  field  sample  with 
one  from  an  unlimed  area  in  an  adjacent  fence  row  or  piece  of  wood- 
land.  He  says— "Although  some  of  the  fields  examined  had  received 
as  much  as  150  bushels  of  burned  stone  lime  per  acre  in  the  last 
20  years,  and  have  often  been  plowed  8  to  9  inches  deep,  lime  as 
carbonate,  bi-carbonate,  or  hydrate  has  not  penetrated  deeper  than 
12  inches.   A  medium  loam,  limed  on  the  surface  only,  had  not  been 
reduced  in  acidity  below  one-half  inch  from  the  surface.    In  co- 
operative experiments  with  the  Maryland  Station,  suflflcient  lime 
was  applied  to  the  plowed  land  in  the  spring  of  1903,  before  planting 
corn,  to  neutralize  the  total  apparent  acidity  of  the  soil  to  a  depth 
01  9  inches.    The  lime  received  such  incorporation  with  the  soil  as 
could  be  had  in  the  regular  operation  of  preparing  the  soil  for  corn 
and  its  subsequent  cultivation.    By  the  spring  of  1901,  the  soil  was 
still  acid  in  the  fourth  inch.    On  the  limed  plats  of  the  Maryland 
Station,  limed  only  in  1896,  the  lime  has  in  no  case  neutralized  the 
soil  below  the  ninth  inch." 

These  results  indicate,  contrary  to  the  general  belief,  that  lime 
does  not  sink  rapidly  in  the  soil,  and  that,  in  case  injury  of  crops 
be  traceable  to  sub-soil  acidity,  as  in  certain  moorlands,  special  me- 
chanical means  must  be  taken  to  get  the  lime  down  into  contact 
with  the  layers  to  be  neutralized. 

On  the  other  hand,  the  farm  practice  of  surface  application  and 
working  well  into  the  upper  soil  layers  does  not  require  for  its 
justification  a  tendency  of  the  lime  to  sink  rapidly  into  the  sub-soil. 
It  is  enough  that  the  surface  soil  is  usually  most  in  need  of  lime, 
and  that,  as  we  have  earlier  seen,  there  is  little  tendency  in  humid 
regions  for  lime  to  rise  rapidly  through  the  soil. 

^BuUetin  No.  90,  U.  S.  Bureau  of  Chem.,  p.  187. 


136 


INFLUENCE  OF  ADDED  LIME,  HYDRATED  LIME  AND  CARBONATE  OF 
LIME  UPON  SOIL  ORGANISMS. 

In  the  preceding  chapter/  the  effect  of  acidity  upon  the  number 
and  activities  of  the  soil  organisms  upon  whose  labors  soil  fertility 
so  greatly  depends,  has  been  considered.  There  is,  however,  a  much 
larger  volume  of  experiments  in  which  the  effects  of  adding  one  or 
other  of  the  common  lime  or  lime  compound  dressings  were  con- 
sidered. For  many  of  these  experiments,  the  reaction  of  the  soils 
treated  fail  of  mention,  and  the  results  are  consequently  not  fully 
connected  with  our  problem;  yet,  even  when  information  upon  the 
soil  reaction  is  not  given,  the  results  are  often  of  value  because  they 
afford  a  comparison  of  the  effects  of  the  different  lime  products  sold 
for  soil  amendment. 

The  results  from  a  number  of  these  experiments  sufficient  to  show 
their  general  trend,  will  be  briefly  presented. 

Effects  Upon  Number  of  Orgatiisms. 

I).  Engberding"  found  that  the  addition  of  lime,  ammonium  sul- 
phate, nitrate  of  soda  and  sulphate  of  potash  severally  to  artificial 
cultures  of  soil  bacteria,  slightly  increased  their  number.  H.  B. 
Hutchison^'  observed  that  small  additions  of  lime  (CaO)  to  field  and 
garden  soils  increased  the  bacterial  population;  but  that,  when 
added  in  large  quantities,  the  lime  caused  an  immediate  reduction 
in  the  number  of  bacteria,  destroyed  the  larger  protozoa,  and  caused 
all  biological  activities  to  cease.  Dressings  of  carbonate  of  lime 
increased  the  number  of  bacteria  and  the  rate  of  conversion  of  the 
organic  nitrogenous  material  of  the  soil  into  ammonia.  F.  Miller* 
studied  the  effect  of  liming  upon  a  loamy  soil  near  Gdttingen,  Ger- 
many. Dressings  equivalent  to  from  0.3  to  1.0  per  cent,  of  the  soil 
weight  (about  6,000  to  20,000  pounds  per  acre— 7  inches)  were  fol- 
lowed by  an  immediate,  striking  decrease  in  bacterial  number;  but 
later,  by  an  enormous  increase.  The  heavier  the  lime  dressing,  the 
longer  the  period  unfavorable  to  bacterial  multiplication,  but  the 
greater  the  final  development.  As  much  as  five  per  cent,  of  lime 
stopped  bacterial  growth  completely.  The  various  bacterial  species 
showed  unequal  sensitiveness  to  the  action  of  lime.  P.  E.  Brown,^ 
found  that  dressings  of  ground  limestone  applied,  at  the  rate  of 
one-half  to  three  tons  an  acre,  to  Wisconsin  drift  soils,  both  upon 
fallow  and  when  planted  to  oats,  increased  the  number  of  bacteria. 

^P.  116  seq.  :  ■ 

'Centralbl.  Bakteriolosie,  2  Abth,  23  (1909)  569-642 

'Chem.  Zeitung,  37,  25. 

*Zeit.  Giirungsphysiologie,  4,  194-206. 

'Iowa  Agrl.  Expt.  Station  Research  BuUetin  No.  2. 
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Effects  Upon  Ammonification. 

S  S  Peck^  found  that  the  lime  added  either  as  carbonate,  sul-  ■ 
phate  or  phosphate  to  sugar-cane  lands,  stimulated  ammonification 
of  the  soil  organic  nitrogen.    Lipman,  Brown  and  Owen^  found  that 
calcium  carbonate  in  small  amounts  increased  ammonification,  but 
in  lar-e  amounts  depressed  it.   Krieger^  obtained  results  indicating 
that  lime,  as  oxid,  favored  the  action  of  putrefactive  bacteria  more 
than  the  carbonate,  whUe  the  latter  especially  favored  the  ammoni- 
fication of  the  peptones.   Lipman^  found  that  in  the  Madison  soils 
of  New  Jersey,  added  carbonate  of  lime  considerably  increased  am- 
monification; and  Voorhees,  Lipman  and  Brown,^  from  observations 
upon  the  sandy  and  red  shale  lands,  affirm  that  they  too  show  in- 
creased formation  of  ammonia  after  dressings  with  lime  or  carbon- 
ate of  lime;  that  the  effect,  in  this  respect,  of  the  caustic  lime  was 
greater  than  that  of  the  carbonate  on  oats  and  clover  soils,  but  not 
equal  to  it  on  fallow  lands.   The  investigations  of  P.  E.  Brown  upon 
Wisconsin  drift  soil,  mentioned  in  the  preceding  paragraph,  showed 
an  increase  in  ammonification  roughly  proportional  to  the  quanti- 
ties of  carbonate  of  lime  applied.    Hutchison  also,  whose  observa- 
tions upon  the  influence  of  application  of  carbonate  of  lime  upon 
bacterial  numbers  in  the  soil  have  been  mentioned,  found  the  am- 
monification rate  increased  after  such  dressings.    Lipman,  Brown 
and  Owen^  found  that  even  peat  when  properly  supplied  with  lime 
became  a  very  satisfactory  medium  for  the  development  of  ammonia- 
producing  bacteria.  • ,  . 

Effects  Upon  Nitrification. 

Since  the  nitric-acid-forming  bacteria  require  ammonium  com- 
pounds for  their  raw  material,  it  is  clear  that  conditions  unfavor- 
able to  ammonification  must  consequently  depress  the  general  rate 
of  nitrification;  but  it  is  possible  that  conditions  might  be  suitable 
for  the  vigorous  action  of  certain  ammonifying  species  and  yet 
unfavorable  to  that  of  the  nitrifying  organisms.   The  earlier  studies 
of  the  latter  organisms  well  established  the  fact  that,  when  grown 
in  solutions,  the  activities  of  these  organisms  were  arrested  by  a 
•  very  slight  degree  of  acidity,  even  when  that  was  caused  by  their 
own  product,  nitric  acid,  and  that  they,  therefore,  require  the  pres- 
ence of  some  base  by  which  this  acid  can  be  neutralized.   We  have 
seen,  however,  that  in  soils  nitrification  is  not  always  arrested,  even 
when  the  soils  have  become  highly  acid.  ^ 

"^Hawaiian  Sugar  Planters'  Station,  Agri   and  Chem^  Bui.  No.  34. 
^'Centralbl.  Bakteriologie,  2  Abth.,  30  (1911)  lot.-181. 
'Inaugural  Dissertation,  Konigsberg  1908. 
'Report  N    J.  Agri.  Expt.  Station,  1908,  170-186. 
«N.  J.  Station,  BuUetin  No  210. 
'Report  N.  J.  Agri.  Expt.  Station,  1910  ,  89-124. 
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J.  W.  White,^  studied  the  effect  of  additions  of  low-magnesian 
limestone  of  different  degrees  of  fineness,  and  of  fresh  burnt  lime 
upon  nitrification  in  the  acid  soil  of  Plat  32,  of  the  General  Fer- 
tilizer Experiments.  These  dressings  were  added  in  amounts  suf- 
ficient, if  all  the  lime  were  immediately  effective,  to  neutralize  the 
acidity  of  the  quantity  of  soil  taken  for  the  experiment.  The  moist- 
ure was  held  at  the  most  favorable  percentage  during  the  four 
weeks  of  the  experiment,  which  was  conducted  at  room  temperature. 
At  the  end  of  this  period,  the  quantities  of  nitrate  nitrogen,  which 
was  5  parts  per  million  at  the  outstart,  were  determined,  and  also 
the  soil  acidities  (lime  requirements)  in  terms  of  the  Veitch  method, 
with  the  following  results : 


a* 


Untreated  

Limestone,      1/8-1/20  inch  

Limestone,    1/20-1/60  incli  

Limestone,  1/6O-1/10O  inch,   

Limestone,  finer  than  1/100  inch, 
Burnt  lime  


20'. 76 
22.09 
2S.57 
37.57 
37.89 
50.62 


.?,373 
6, 983 
5,593 
3,186 
1.6.27 
881 


Eeserving  the  consideration  of  the  influence  of  fineness  of  the 
limestone,  we  note  simply  that  without  treatment  the  nitrates  multi- 
plied four-fold  in  the  presence  of  high  acidity;  with  1-100  mesh 
limestone,  7.5-fold;  with  burnt  lime,  10-fold. 

A  few  other  of  the  many  investigations  upon  the  influence  of  lime 
dressings  of  various  kinds  and  amounts  upon  nitrification  may  be 
mentioned.  Krieger^  obtained  better  nitrification  after  dressings  of 
the  carbonate  of  lime  than  with  caustic  lime.  Lipman^  found 
that  carbonate  of  lime  increased  nitrification  in  Madison 
soil.  P.  E.  Mfiller  and  F.  Weiss,*  found  an  increase  of 
nitrification  in  beech  moor  lands  after  liming.  W.  P.  Kelley^  found 
that  while  carbonate  of  lime  in  amounts  up  to  one  per  cent,  of  the 
soil,  increased  nitrification,  larger  amounts  depressed  it.  Fraps,* 
after  laboratory  studies  on  many  Texas  soils,  stated  that  carbonate 
of  lime  increased  nitrification  in  moist  soils;  that  nitrification  was 
much  greater  in  a  limed  acid  soil  than  in  an  unlimed  acid  soil; 
that  the  greatest  increase  was  secured  by  the  treatment  when  ap- 

^Report  Penna.  A.grl.  Expt.  Station,  1912-13. 
^Work  cited,  p.  137. 
'N.  J.  Report,  1907. 

^Naturw.  Ztschr.  Land.  u.  Forstw.,  V  (1907),  52-65 
^Univ.  California,  Publ.  Agr.  Sci.,  1,  29-49. 
^Texas  Agrl.  Expt.  Station,  Bulletin  No.  106. 
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plied  to  the  most  highly  acid  soil;  but  that  no  definite  relationship 
appeared  between  the  increases  in  nitrification  following  the  treat- 
ment, and  the  degree  of  acidity  or  basicity  of  the  soils  concerned,  as 
these  degrees  were  measured  by  existing  methods.  Lyon  and  Biz- 
zell,^  after  experiments  with  New  York  soils,  conclude  that  a  certain 
degree  of  basicity  favors  nitrification  and  that  caustic  lime  added 
to  a  soil  deficient  in  that  element,  causes  an  increase  in  nitrification 
for  at  least  four  years  afterward.  Peck^  found  that  lime,  carbonate 
of  lime,  and  gypsum  all  increased  nitrification  in  a  nitrogen-rich, 
lime-poor  upland  soil,  but  that  in  a  lime-rich  lowland,  caustic  lime 
depressed  its  rate.  P.  E.  Brown=*  found  that  the  increase  in  nitri- 
fication like  that  in  ammonification,  was  proportional  to  the  quan- 
tities, up  to  three  tons  per  acre,  of  ground  limestone  added  to  Wis- 
consin drift  soils;  but  that,  with  the  larger  dressings,  the  nitrogen- 
richness  of  the  oats  crop  used  in  the  experiment  was  increased  more 
than  the  total  yields  of  dry  matter— which  tends  to  indicate  that 
the  nitrification  had  been  pushed  beyond  the  limit  of  soil  economy. 

H.  Fisher*  observed  that  an  application  of  calcium  carbonate 
amounting  to  1  per  cent,  of  the  soil  weight,  was  followed  by  more 
extensive  nitrification  of  ammonium  sulphate  dressings,  than  where 
only  0.3  per  cent,  of  the  lime  carbonate  was  used ;  and  that,  for  the 
complete  nitrification  of  the  ammonium  salt,  3.5  times  the  lime  the- 
oretically sufficient  was  required. 

I.  G.  McBeth  and  E.  C.  Wright,'^  from  studies  of  the  effects  of 
various  carbonates,  chlorids  and  sulphates  upon  nitrification,  re- 
port that  of  these  salts,  the  carbonates  have  the  greatest  depressing 
effect  upon  nitrification,  sulphates  the  least. 

J.  W.  Paterson  and  P.  E.  Salt'^  found  that  sour  soils  were  very 
unfavorable  to  nitrification,  but  that  dressings  of  caustic  lime,  in 
quantities  not  stated  in  the  abstract,  practically  arrested  it  alto- 
gether; whereas,  calcium  carbonate  most  favored  it;  and  F.  Miller^ 
in  his  studies  upon  the  bacteriology  of  G6ttingen  loam,  earlier  men- 
tioned, observed  that,  both  lime-poor  and  lime-rich  soils,  dressings 
of  0.1  per  cent,  of  caustic  lime  diminished,  and  of  0.5  per  cent, 
almost  completely  arrested  the  nitrification  of  ammonium  sulphate. 
Onthe  other  hand,  W.  A.  Withers®  reports  that  dressings  of  lime 
and  cow  manure  both  favored  nitrification  in  the  soils  he  studied. 
J.  Fittbogen®  long  ago  observed  that  both  caustic  and  carbonated 

Mournal  Ind.  &  Eng.  Chem.  2  (1910)  313-315. 
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limes  promoted  nitrification  in  Sphagnum  moss,  and  E.  B.  Pred^  ob- 
served that  lime  additions  enormously  increased  the  nitrification 
rate  in  Norfolk  sandy  soils. 

These  investigations  warrant  the  conclusion  that  the  addition  of 
either  caustic  lime  or  calcium  carbonate  to  an  acid  soil  promotes 
the  nitrifying  process;  that  excessive  additions  of  caustic  lime  may 
depress  or  even  practically  arrest  the  process  for  a  time,  but  not 
permanently;  that  the  carbonate  has  less  tendency  to  inhibit  the 
action  of  the  nitrifying  bacteria,  but  that  even  this  amending  ma- 
terial may,  if  added  in  a  very  large  excess,  exert  a  depressing  in- 
fluence upon  their  activities. 

Effects  Upon  Denitrification. 

Certain  bacteria  are  able,  in  compact  or  wet  soils  not  well  aerated, 
to  take  their  oxygen  supply  from  the  soil  nitrates,  which  are  thereby 
split  up  with  the  final  setting  free  of  their  nitrogen  as  the  elementary 
gas.  These  organisms,  probably  of  various  species,  are  termed  "de- 
nitrifying" bacteria.  We  have  very  few  observations  upon  the  in- 
fluence of  soil  reaction  upon  the  activities  of  these  organisms.  Lip- 
man^  in  his  studies  of  the  Madison  soil  type,  originally  quite  well 
supplied  with  lime,  found  that  dressings  of  lime  decreased  the  deni- 
trification rate;  on  the  contrary,  O.  A.  Lemmermann  and  H.  Fischer* 
observed  an  increase  of  denitrification  after  the  liming  of  moor 
lands  and  sandy  soils.  J.  Vogel*  also  observed  an  increase  in 
denitrification  after  dressings  with  calcium  carbonate,  the  soil  con- 
ditions being  unfavorable  to  thorough  aeration.  These  observations 
are  apparently  contradictory,  and  suggest  that  the  effect  of  the 
lime  additions  may  have  been  indirect  rather  than  direct. 

•  Effects  Upon  Nitrogen  Fixation. 

In  every  case  when  the  number  of  bacteria  in  the  soil  is  increased, 
the  quantities  of  nitrogen  held  in  the  bodies  of  these  organisms  is 
probably  increased  in  approximately  like  degree.  There  are,  how- 
ever, certain  bacteria  possessing  the  power  of  consuming  nitrogen 
directly  from  the  air  and  fixing  it  in  the  soil  or  in  the  plant  roots 
in  which  they  take  their  abode.  With  respect  to  the  Bacterium 
radicicola,  which  causes  the  tubercles  upon  the  legume  roots,  we 
have  already  noted  in  the  preceding  chapter,  that  tubercle  formation 
is  unfavorably  affected  by  soil  acidity,  but  promoted  by  the  opposite 
soil  condition.  Other  species  known  as  Azotolacter  are  able  to  live 
in  the  soil  without  using  plant  roots  as  dwelling  places  at  any 

'Ann.  Rppt.  Va.  Agrl.  Expt.  Station,  1911-12,  pp.  174-201 
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•Landw.  Jahrb.,  38  (1909)  319-364. 
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stage  of  their  existence,  and,  like  the  B.  radicicoU,  possess  fixing 
the  gaseous  nitrogen  of  the  air,  with  the  result  of  enriching  some- 
what the  soil  in  which  they  dwell.  While  there  is  still  much  uncer- 
tainty as  to  the  practical  importance  of  the  Azotobacter  activities 
in  soil  economy,  the  influence  of  lime  amendments  upon  these  ac- 
tivities deserves  brief  consideration : 

Lipman  in  his  study  of  the  Madison  soil,  found  an  increase  in 
nitrogen  fixation  after  liming;  and,  in  other  studies  with  Voorhees 
and  Brown^  upon  the  influence  of  liming  upon  red  shale  and  sandy 
lands,  found  that  dressings  with  caustic  lime  favored  nitrogen  fixa- 
tion also  in  these  soils,  but  to  less  degree  than  calcium  carbonate. 
A.  Koch,^  in  work  upon  other  soils,  found  a  depression  of  the  fixation 
after  liming;  but  VogeP  concluded  than  liming  favored  the  fixation, 
as  it  did  all  other  helpful  bacterial  activities.  W.  Krieger*  reached 
a  like  conclusion,  with  respect  to  the  infiuence  of  both  caustic  lime 
and  calcium  carbonate.  D.  Engberding,^  viewing  the  subject  from 
another  aspect,  states  that  mineral  dressings  in  general  aff'ect  the 
number  of  bacteria  inversely  to  the  degree  in  which  these  dressings 
influence  nitrogen  fixation.  A.  Krainskii'*  found  calcium  carbonate 
favorable  to  Azoto'bacter  chroococum,  but  less  so  than  sodium  car- 
bonate. P.  E.  Brown^  likewise  observed  increased  fixation  in  the 
Wisconsin  drift  soils  of  Iowa  after  dressings  with  lime  carbonate, 
while  C.  Hoffman  and  B.  W.  Hammer*  found  that,  while  some  cal- 
cium carbonate  is  essential  to  Azotobacter,  more  than  a  very  small 
amoimt  has  no  material  effect  upon  the  degree  of  fixation. 

Loew^  states  that  liming  has  favorably  affected  Azotobacter  de- 
velopment in  the  acid  soils  of  Porto  Eico,  except  where  the  soil 
texture  has  been  such  as  to  exclude  the  oxygen  of  the  atmosphere. 
He  observed,  in  the  same  connection,  that  liming  did  not  affect  the 
development  of  butyric  fermentation  in  certain  of  these  acid  soils. 

EFFECTS  OF  LIME  DRESSINGS  UPON  THE  HUMUS  SUPPLY  IN  THE 

SOIL. 

In  the  preceding  chapter,  the  vagueness  of  our  knowledge  as  to 
the  precise  nature  of  humus,  has  been  mentioned.  Despite  this  vague- 
ness, general  experience  has  indicated  that,  under  conditions  of  field 
and  bench  culture,  the  maintenance  of  an  abundant  supply  of  good 
humus  in  the  soil  is  essential  to  economical  field  management.  It 
is  important  to  emphasize  the  fact  that  not  every  kind  of  humus  will 
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serve.  The  application  and  working  in  of  raw  muck  might  help 
to  regulate  the  moisture  supply  of  a  cultivated  soil,  but  would  prob- 
ably injure  or  kill  the  crops  usually  grown.  The  humus  desired  is 
that  derived  from  plant  roots,  leaves  and  stubble,  green  manures  and 
stable  manures,  decaying  under  conditions  such  that  they  will  form 
a  sweet  humus.  This  humus  is  not  indestructible.  Its  supply  is 
maintained  hj  fresh  additions  of  organic  materials,  chiefly  the  roots, 
of  the  ci*ops  growu,  and  by  regulation  of  the  rate  of  decay  through 
v/ell  conducted  tillage,  drainage  and  rotation  systems.  The  idea 
is  not  to  preserve  wholly  what  is  present,  but  simply  to  regulate 
losses  and  gains  so  that  we  shall  at  all  times  have  a  good  supiply 
of  comparatively  recent,  sweet  humfis. 

During  the  past  few  years,  there  has  been  a  great  deal  of  discussion 
as  to  the  eifects  of  the  various  lime  products  used  as  sweeting  agents 
upon  the  humus  supply.  Writers  and  investigators  have  taken  the 
contradictory  views  that  lime  in  the  soil  acts  as  a  conservator  of 
humus,  and  that  it  tends  to  destroy  humus.  In  America  especially 
has  there  been  a  strongly  pressed  condemnation  of  caustic  lime  as 
a  destroyer  of  humus  and  a  commendation  of  calcium  carbonate 
(ground  limestone,  crushed  oyster  shells,  marl)  as  a  sweeting  agent 
of  comparatively  mild  effect  upon  humus,  such  that  the  net  result 
is  a  gain,  rather  than  a  loss  of  this  important  soil  constitutent. 

The  number  of  searching  investigations  that  deal  directly  with 
this  problem  is  not  large.  They  fall  into  two  classes:  Studies  in 
greenhouse  and  laboratory,  representing  comparatively  short  periods 
of  treatment,  and  tracing  the  changes  during  these  periods  or  afford- 
ing comparison  of  composition  before  and  after  the  treatment.  (2) 
Studies  of  field  soils  in  place,  usually  exemplifying  the  long  time 
effects  of  amending  treatments,  but  beset  with  the  usual  difficulties 
of  correct  sampling  and  in  most  cases  afl'ording  only  a  comparison 
between  different  lots  of  soil  after  a  considerable  period  of  treatment, 
rather  than  between  the  same  lot  of  soil,  before  and  after  treatments. 

In  field  studies,  in  cases  where  the  original  composition  of  a  treated 
soil  is  unknown,  it  is  usual  to  proceed  upon  the  assumption  that 
the  several  tracts  of  land  used  for  the  different  treatments  were 
initially  the  same  with  respect  to  the  humus  supply.  This  assump- 
tion always  introduces  an  important  possibility  of  error,  unless  it  is 
warranted  specifically  by  evidence  tending  to  establish  the  general 
uniformity  of  the  soil  used  for  the  experimental  plats. 

The  experiments,  accounts  of  which  are  here  given,  include  not  only 
such  as  involved  treatments  of  caustic  lime  in  constrast  with  calcium 
carbonate,  but  also  some  that  include  treatments  with  one  only  of 
these  amending  substances. 
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Laboratory  and  Green-house  Studies.  '■  •  . 

Some  years  ago,  Mr.  M.  S.  McDowelP  made,  in  the  writer's  la- 
boratory'a  comparison,  in  the  case  of  a  sour  muck  and  of  a  silt 
loam  of  limestone  origin,  between  portions  of  the  soil  (a)  kept  fallow 
and  in  good  moisture  for  ten  months;  (b)  first  mixed  with  fine 
ground  lime  at  the  rate  of  200  bushels  per  acre  and  then  held 
under  the  same  conditions  with  (a).  At  the  conclusion  of  the  ten 
months  period,  the  loss  suffered  by  weighed  samples  upon  ignition, 
less  the  moisture  these  air-dry  samples  lost  upon  drying  at  110°C, 
was  determined.  As  neither  of  these  soils  contained  large  quantities 
of  clay,  it  is  probable  that  the  weight  lost  by  burning  was  almost 
entirely  of  humus.  Other  portions  of  the  air -dry  samples  of  the 
exposed  soils  were  analysed  for  alkali-soluble  humus.  The  results 
obtained  were: 


Muck. 

Silt  i-oam. 

Without 
lime. 
Per  cent. 

With 
lime. 
Per  cent. 

Without 

lime. 
Per  cent. 

With  • 
lime. 
Per  cent. 

15.76 
8.17 

16.65 
7.46 

4.08 
2.20 

4.12 
,  1.44 

These  results  indicated  a  less  loss  of  combustible  material  with 
than  without  lime;  but  a  comparative  decrease  in  alkali-soluble 
humus  with  lime.  It  must  be  recognized  that  the  burning  of  the  soil, 
especially  where  it  contains  considerable  quantities  of  hydrous  min- 
erals—and all  soils  contain  them  in  some  proportion— results  in 
driving  off  the  water  of  combination  that  is  retained  by  the  soil 
dried  at  the  temperature  of  boiling  water  (100°O).  Hence  not 
all  the  loss  by  the  dried  soil  is  correctly  to  be  counted  as  organic 
matter  or  humus.  In  this  case,  however,  the  soils  compared  were 
the  same  except  as  the  added  lime  might  have  affected  the  hydration 
of  the  mineral  substances  during  the  period  of  experiment. 

E.  Wolffs  divided  a  lot  of  manure  into  two  parts,  to  one  of  which 
250  grams  (almost  a  half  pound)  of  caustic  lime  was  added  for 
each  cubic  foot  of  manure.  The  two  lots  were  then  allowed  to  rot 
for  15  months  under  shelter.  From  analyses  and  weighings  taken 
at  the  beginning  and  the  end  of  the  experiment,  he  found  that,  with- 
out lime,  the  loss  of  organic  matter  was  33.8  per  cent;  with  lime, 
44.00  per  cent.    That  is,  lime  promoted  decay. 

J.  Nessler^  made  a  similar  comparison  between  turf,  and  raw 
steamed  bone  meals,  decomposing,  with  and  without  added  caustic 

''Ann.  Report  Penna.  State  College,  1900,  p.  136. 
^Landw.  Versuehsstationen,  1859,  141. 

'Ber    u    Arb.  d,  Grossh.    Versucbsstst.    Karlsrube,  1870  ,  93-103. 
10 
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lime,  for  a  period  of  three  months,  and  for  a  succeeding  period  of 
nine  months.  He  found  that,  during  the  first  stages  of  decay,  the 
lime  had  a  pronounced  retarding  effect,  and  that  this  effect  con- 
tinued, but  in  less  degree,  through  the  following  nine  months. 

P.  Peterson,^  mixed  portions  of  highly  acid  leaf  mold  with  dif- 
ferent proportions  of  carbonate  of  lime,  and,  as  a  measure  of  humus 
decomposition,  determined  the  carbonic  acid  given  off  from  the  mixed 
and  unmixed  lots  for  16  days.  The  mixtures  with  calcium  carbonate 
gave  off  much  the  greater  quantities  of  this  gaseous  product  of 
decay,  even  after  allowing  for  the  quantities  that  might  have  been 
due  to  the  acid  decomposition  of  the  added  carbonate.  The  influence 
v^as  that  the  carbonate  favors  decay. 

Wollny,^  whose  investigations  are  too  voluminous  for  detailed 
account  in  this  connection,  using  Peterson's  method,  found  that  di- 
lute caustic  potash  solution  added-  to  rye  straw,  hastened  its  de- 
cay; but  that  when  the  solution  was  stronger  than  0.1  per  cent,  de- 
cay was  retarded;  also,  that  weak  solutions  of  the  carbonates  of 
soda  and  potash  promoted  the  decay  of  rye  straw  and  of  turf.  He 
concluded  also  that  either  caustic  lime  or  calcium  carbonate  had  the 
effect  of  retarding  the  decomposition  of  fresh  organic  materials, 
but  of  promoting  the  decomposition  of  such  as  had  already  begun 
to  decay ;  and,  finally,  that  humate  of  lime  decays  much  more  readily 
than  free  humic  acid. 

The  amounts  of  carbon  dioxid  given  off  at  successive,  but  inter- 
rupted periods,  by  various  soils,  with  and  without  slaked  lime  (about 
1  per  cent,  in  weight  of  the  soil)  or  an  equivalent  quantity  of  cal- 
cium carbonate,  were  as  follows,  in  terms  of  the  percentage  by 
volume  of  this  gas  in  1,000  volumes  of  the  soil  air : 


VOLUMES  OF  CARBON  DIOXID  SET  FREE. 
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April  29-May  26,  .. 
June  14-JuIy   24,  .. 
August  7-Sept.  22, 

2.998 
5.388 
3  284 

0.276 
5.793 
2.309 

3.117 
5.491 
3.059 

16.660 
16.721 
8.093 

0.120 
21.342 
4.293 

16.864 

14.874 
6.975 

10.864 
10.564 
3.382 

0.512 

8.984 
3.454 

10.954 

10.113 
4.051 

^Landw.  Vers.  Stationen,  43  (1870)  155-175. 

^Die  Zersetzung  der  Organischen  Stoffe,  etc.,  1897,  pp.  128-134. 
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Wollny  observes  that,  with  slaked  lime,  the  carbon  dioxid  formed 
at  first  united  with  the  lime  instead  of  escaping  from  the  soil ;  that 
later,  the  escape  of  this  gas  increased;  but  in  the  later  stages,  its 
escape  was  less  than  from  the  unlimed  soil.  With  the  carbonate, 
there  was  an  early  depression,  but  the  chief  falling  off  occurred  in 
the  third  stage,  as  it  did  with  the  slaked  lime,  though  with  some 
delay.  The  data  give  no  basis  for  comparison  of  the  total  effects 
of  the  two  lime  compounds,  but  do  not  suggest  that  they  are  very 
different. 

O.  Lemmermann^  and  his  associates,  criticised  Wollny's  method 

(1)  because  the  periods  of  observation  were  interrupted,  so  that  they 
could  not  afford  averages  that  were  entirely  trustworthy,  as  the 
rate  of  change  during  the  intervals  may  have  been  greater  or  less; 

(2)  because  it  did  not  yield  corrections  for  carbon  dioxid  absorbed 
by  the  slaked  lime  or  given  off  by  the  carbonate  of  lime;  (3)  be- 
cause not  all  the  carbon  lost  upon  organic  decomposition  necessarily 
escapes  as  carbon  dioxid,  but  may  be  set  free  as  methane,  or-  marsh 
gas,  of  which  the  method  could  give  no  account. 

They  made  extensive  series  of  experiments  of  the  same  general 
nature  as  Wollny's,  but  during  consecutive  periods  and  with  deter- 
minations of  th  carbon  dioxid  added  in  the  calcium  carbonate  and 
of  that  contained  in  the  original  soil,  and  also  of  the  amount  held 
by  the  soils  at  the  end  of  the  test.  As  the  result  of  five  series  of 
such  experiments  in  which  the  organic  material  added  to  the  soil  was 
fresh  green  manure,  fresh  dung,  or  turf  meal,  they  state  that,  in 
every  instance,  the  addition  of  lime  (CaO)  to  the  amount  of  0.1  per 
cent,  of  the  soil's  weight,  increased  decay ;  and  that  the  same  effect 
was  observed  also  in  the  case  of  the  equivalent  addition  of  calcium 
carbonate,  except  in  the  turf-meal  experiment,  where  the  carbonate 
appeared  to  retard  decay.  When,  however,  lime  or  calcium  carbonate 
was  added  in  greater  quantity,  the  effect  was  different. 

These  investigators  then  conducted  two  sets  of  experiments  in 
which  the  effects  of  added  lime  and  calcium  carbonate,  respectively, 
were  studied  by  a  method  in  which  the  organic  carbon  was  determined 
in  the  decomposing  mixtures  at  the  beginning  and  at  the  end  of  the 
experimental  periods.  Unfortunately  for  the  purpose  of  a  strict 
comparison  between  the  respective  effects  of  the  caustic  and  car-^ 
bonate  of  lime  products,  the  two  series  were  conducted  at  different 
times;  the  caustic  lime  set,  at  air  temperature  during  a  cool  sum- 
mer ;  the  calcium  carbonate  set,  in  a  warm  room.  As  a  consequence, 
the  untreated  soil  in  the  latter  set  showed  more  decomposition  than 
in  the  former  set ;  namely,  15.36  per  cent.  vs.  7.98  for  the  limed  soils 
without  manure;  and  these  differing  conditions  doubtless  had  like 
effects  upon  the  soil  treated  with  manure  and  the  respective  lime 


^Landw.  .Tahrbttcher,  U  (1911)  217-256. 
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compounds.  We  find,  however,  nothing  to  indicate  a  greater  de- 
struction by  use  of  the  caustic  lime  than  with  the  carbonate. 

The  net  results  of  the  two  sets,  as  expressed  in  the  terms  of  the 
proportion  of  the  original  organic  carbon  that  was  lost  by  decomposi- 
tion under  the  different  conditions  of  the  experiments,  are  stated  as 
follows: 

•  Organic  carbon 

lost.  Percent. 


Soils  untreated,    1.24 

Soils  green-manured,    11. M 

Soils  with  lime  (carbonate),   15.36 

Soils  with  lime  (carbonate  and  green  manure),    21.07 


Furthermore,  increased  dressings  of  lime  up  to  and  including  1.0 
per  cent,  of  the  soil's  weight,  increased  the  rate  of  decomposition. 

O.  Hoffman-Bang^  compared  the  rates  of  decay  of  two  portions  of 
the  same  lot  of  stable  manure  with  bedding,  one  portion  having 
received  a  5  per  cent,  addition  of  air-slaked  lime,  and  both  being  ex- 
posed under  like  conditions  for  seven  months.  The  loss  of  organic 
matter  without  lime  was  53.5  per  cent ;  with  lime,  59.0  per  cent. 

Field  Studies. 

W.  Bersch^  states  that  the  addition  of  moderate  dressings  of 
caustic  lime  applied  to  the  slightly  decayed  upland  moors  in  the 
rainy  regions  of  the  Alps,  promoted  the  decay  of  the  humus  in  these 
moor  lands.  '  ■     -  ' 

Hartwell  and  Kellogg^  determined  the  ignition  loss  of  four  soils, 
oven-dry,  two  unlimed,  two  limed,  upon  which  fertilizer  experiments 
were  begun  in  1893,  with  limings  in  1893,  1894  and  1902.  The  results 
were  as  follows: 


Sulphate  of  ammonia,  unlimed,    7.12 

Sulphate  of  ammonia,  limed,    6.88 

Nitrate  of  Soda,  unlimed,    7.24 

Nitrate  of  soda,  limed,   6.67 


Pennsylvania  field  experiments  with  lime  and  ground  limestone. 

As  a  part  of  the  General  Fertilizer  Series  of  experiments  begun 
in  1881,  were  included  studies  of  the  effects  of  applications  of  lime, 
and  of  ground  limestone.  The  series  of  experiments  was  conducted 
with  a  four-course  rotation  of  corn,  oats,  wheat  and  clover  and 
timothy.  The  plats  were  arranged  in  four  parallel  tiers,  one  tier 
for  each  crop  in  the  rotation.  The  experiment  was  begun  by  sowing 
wheat  in  Tier  I  in  the  fall  of  1881 ;  the  crops  harvested  in  1882  were 
wheat  on  Tier  I,  oats  in  Tier  II,  and  corn  on  Tier  III ;  in  1883,  grass 
in  Tier  I,  wheat  on  Tier  II,  oats  on  Tier  III,  and  corn  on  Tier  IV. 
In  subsequent  years,  the  cropping  continued  in  the  same  order.  The 
fertilizer  treatments,  including  the  dressing  with  ground  limestone, 
but  not  that  with  lime,  were  given  every  two  years,  with  the  wheat 

^K.  Landtbr.  Akad.  Handl.  och  Tidskr.,  46  (1907),  47-49  ~ 
^Ztsch.  Moorkultur  u.  Torfverwert,  7  (1909)  2.55-280 
'Report  R.  I.  Agl.  Expt.  Station,  1905,  p.  244. 
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and  cor]i  crops  respectively.  The  application  of  caustic  lime,  both 
where  it  was  applied  alone  and  where  it  was  used  with  manure, 
were  top  dressings  on  plowed  sod  before  corn,  and  hence  were  made 
only  once  in  four  years.  There  were  36  plats  consecutively  num- 
bered in  each  tier,  and  throughout  the  experiment  the  plats  of  the 
same  number  in  the  different  tiers,  have  received  the  same  treatment, 
like  cultivation,  and  like  seed. 

For  reasons  later  set  forth,  the  details  of  the  treatment  here 
considered,  will  be  rather  more  fully  described  than  in  the  case 
of  the  other  experiments  heretofore  mentioned. 

The  treatments  were: 

a.  jSIo  application:  Plats  1,  14,  24  and  36  on  each  tier.  Plat 
No.  8,  also  receiving  no  treatment  during  this  series  of  experiments, 
is  omitted  because  it  differed  somewhat  essentially  from  the  others 
in  its  history  prior  to  1881. 

b.  Plat.  16.  Eeceived  six  tons  of  yard  manure,  applied  on  oats 
ground  and  on  sod,  before  wheat  and  corn  respectively,  and  plowed 
in  with  a  seven  to  eight  inch  furrow  turned  so  as  to  incline  at  about 
45°.  The  yard  manure  was  mixed,  well  rotted,  and,  in  general,  of 
approximately  the  same  quality  from  year  to  year,  so  far  as  the 
conditions  of  its  preparation  would  indicate.  That  used  in  1890 
contained  20.32  per  cent,  of  organic  matter. 

c.  Plat.  22.  Eeceived  six  tons  of  yard  manure  like  Plat  16,  but 
treated,  every  four  years,  with  slaked  lime  prepared  from  4,000 
poilnds  of  stone  lime  and  applied  as  a  top-dressing  on  the  plowed 
sod  ground.  The  slaked  lime  sometimes  contained  rather  large  lumps, 
some  of  which  still  remain  unpulverized  in  the  soil,  but  the  slaked 
product  was,  with, this  comparatively  slight  exception,  in  a  finely 
divided  state. 

d.  Plat  23.  Eeceived  a  lime  top-dressing  like  that  of  Plat  22, 
applied  at  the  same  point  in  the  rotation  and  in  like  manner.  No 
other  addition  was  made  to  this  plat. 

e.  Plat.  34.  Eeceived  a  top-dressing,  every  two  years,  before  corn 
and  wheat,  of  4,000  pounds  of  ground  limestone.  This  is  equivalent 
to  8,000  pounds  in  four  years,  and  approximately  corresponds,  in 
chemical  equivalence,  to  the  4,000  pounds  of  stone  lime  applied,  after 
slaking,  to  Plats  22  and  23.  Prior  to  1908,  the  crushed  limestone 
applied  was  not  of  the  most  desirable  fineness,  because  such  material 
was  not  readily  obtainable.  A  single  examination  of  the  1907  dress- 
ing showed  the  following  fineness : 


Per  cent. 


Coarser  than  2  mm.  (2-25  in.), 


1-2  mm.  (1-25—2-25  in.), 
i-l  mm.  (1-50—1-25  in),  . 
1-3-^  mm .  (1-75—1-50  in) 


1-5—1-3  mm.  (1-125—1-75  in.). 
Less  than  1-5  mm .  (1-125  in) , 


100.00 
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The  following  observations  may  fairly  be  made  with  respect  to 
the  dressings  of  lime  and  lime  carbonate  here  used  : 

1.  An  application  of  4,000  pounds  of  stone  lime  every  four  years 
on  a  silty  loam  soil,  is  excessive. 

2.  As  will  appear  from  experiments  later  described,  the  action 
of  limestone  coarser  than  1-50  inch  is,  to  say  the  least,  not  very 
prompt.  So  far  as  immediate  effects  are  concerned,  the  dressings 
of  lime  and  of  calcium  carbonate  made  in  these  experiments  prior  to 
1908,  were  not  mutually  equivalent. 

As  a  contribution  to  the  chemistry  of  these  experiments,  two  sets 
of  determinations  of  the  organic  matter,  or  rather  of  the  organic 
carbon  in  these  soils,  have  been  made.  Unfortunately,  the  soils  were 
not  analysed  when  the  experiments  were  begun.  The  first  set  of 
analyses  was  made  by  E.  H.  Hess^  in  the  writer's  laboratory  1899- 
1900;  the  second  by  Mr.  W.  H.  Maclntire,^  in  1911.  The  sampling 
of  the  soils  was  quite  similar  in  the  two  cases,  the  plats  of  like  num- 
ber in  all  four  tiers  being  united  in  corresponding  composites.  At 
this  point,  the  chief  difference  was  that  Hess  composited  the  sub- 
samples  from  Plats  1,  14,  24  and  36,  to  represent  the  untreated  soil; 
Maclntire  took  as  representative  of  that  soil,  sub-samples  of  Plat  24 
only.  In  each  case,  the  fine  soil  only  was  analysed;  but  Hess  used 
only  such  material  passed  a  sieve  of  0.5  mesh,  while  the  records 
leave  it  uncertain  whether  Maclntire  made  his  separation  of  fine 
soil  by  the  use  of  an  0.5  or  of  a  3  mm.  seive,  which  might  result  in 
a  yield  of  about  one-fourth  more  fine  soiP  than  Hess  obtained.  The 
analytical  method  was  essentially  that  of  Van  Bemmelen.  To  obtain 
an  approximation  of  the  organic  matter,  the  organic  carbon  percent- 
age was  multiplied  by  the  "Wolff  factor,  1.724. 

The  results  obtained,  as  expressed  in  terms  of  the  water-free 
soils,  were  as  follows: 


There  are  at  least  two  ways  of  looking  at  these  results.  The 
only  method  practicable  at  the  time  Hess's  results  were  obtained,  was 
to  go  upon  the  assumption  already  mentioned  in  the  earlier  para- 

"Report  Penna.    State  College,   1899-1900;   1900-1901,   173-186.  ' 
'Report  Penna.  State  College,  1911-12,  p  

'Compare  Frear  and  White,  Rept.  Penna.  State  College,  1909-10,  pp.  165-167. 


Humus  or  Organic 
Matter  (Per  Cent.) 


Hess 
1899-1300. 


Maclntire 
1911. 


Untreated  soil,  — 

Manure  

Lime  and  manure, 

Lime  alone,   

Crushed  limestone. 


2.830 
3.260 
3.0S0 
2.530 
2.960 


2.555 
3.381 
3.224 
2.529 
2.919 
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graphs  of  this  section,  namely,  that  these  soils  were  of  identical 
composition  at  the  outstart,  and  that  the  differences  in  1899  and  1900 
were  the  effects  of  the  respective  treatments — repetition  of  the 
analyses  having  established  the  substantial  correctness  of  the  per- 
centages stated. 

Proceeding  upon  this  assumption,  Hess's  results  would  lead  to 
the  following  conclusions:  ■  •        >  . 

1.  That  lime  alone  has  a  markedly  destructive  effect,  direct  or 
indirect,  upon  the  soil  humus. 

2.  That  a  like  destructive  action  occurs,  as  would  be  anticipated, 
when  lime  is  used  with  manure,  as  shown  by  comparison  with  the 
soil  that  received  a  like  manure  dressing  without  lime. 

3.  That  carbonate  of  calcium  is  less  destructive,  since  the  soil 
of  Plat  No.  34  shows  considerably  more  humus  than  the  untreated 
soil. 

"With  respect  to  the  last  stated  inference,  it  is  needful  to  remember 
the  possible  influence  of  the  difference,  as  respects  physical  con- 
dition, betw^een  the  crushed  limestone  and  the  lime  used  in  these 
experiments  up  to  1908.  In  consequence  of  this  difference,  the  con- 
trast in  the  final  composition  of  the  soil  might  be  ascribed  to  the 
difference  in  the  chemical  composition  or  to  that  in  physical  con- 
dition, or  to  the  joint  influence  of  both  these  differences  between  the 
burnt  lime  and  the  carbonate. 

If  now  we  turn  to  Maclntire's  results,  we  find  a  like  relation 
between  the  respective  areas  representing  the  different  treatments 
as  regards  the  proportion  of  organic  matter  these  fine  soils  exhibit. 
Using  the  same  assumption  as  was  employed  in  discussing  Hess's 
results,  we  would  be  led  to  the  same  conclusions  concerning  the  ef- 
fects of  lime  and  ground  limestone  upon  humus  destruction. 

But  Maclntire's  results  represent  conditions  existing  thirty  years 
after  the  treatments  began;  Hess's,  eighteen  years,  or,  in  case  of 
Plat  16,  nineteen  years  after  that  beginning.  This  difference  of  time, 
amounting  to  two-fifths  of  the  entire  period  from  1881  to  1911, 
leads  to  the  application  of  the  second  method  of  study,  a  comparison 
of  the  two  sets  of  analyses  to  learn  what  changes  have  occurred 
during  the  twelve-year  period  for  which  we  have  definite  knowledge 
of  the  initial  and  final  percentage  quantities  of  organic  carbon,  and 
bence  an  approximate  knowledge  of  the  corresponding  amounts  of 
organic  matter.  .  ■ 

It  is  clear,  of  course,  that  the  figures  for  untreated  soil  must  be 
omitted  from  the  comparison,  because  the  samples  for  it  did  not 
represent  precisely  the  same  areas.  The  differences  in  the  other 
cases  were  as  follows: 
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Manure  alone,   

Manure  and  lime,   

Lime,   

Crushed  limestone,   

(+  =  Gain;  —  =  Loss.) 

Of  course,  the  processes  of  decomposition  have,  during  this  twelve- 
year  period,  been  going  steadily  on.  The  roots  and  stubble  of  the 
growing  crops  have  been  adding  to  the  original  humus,  and  both 
the  older  and  the  more  recent  organic  constituents  have  been  de- 
caying. The  organic  matter  found  in  1911  is  the  net  result  of  these 
several  items  of  gain  and  loss.  The  real  activities  in  the  several 
soils  can  not  be  measured  by  use  of  the  data  furnished  by  the  two 
sets  of  analyses.  We  do  not  have  any  direct  knowledge  of  the 
quantities  of  organic  matter  introduced  into  the  soil  during  this 
twelve-year  period  (11  years  in  case  of  Plat  16)  by  the  roots  and 
stubble.  We  may  approximate  the  relationship  of  the  amounts 
thus  introduced  into  the  several  soils  by  comparing  the  quantities 
of  crops  they  produced  during  the  time  between  the  two  sets  of 
analyses.  The  comparison  is  merely  approximate,  because  it  is  not 
certain  that  the  proportions  of  roots  and  stubble  to  harvested  tops 
are  the  same  for  all  treatments,  nor  that  the  rate  of  decay,  to  such 
point  that  the  organic  substances  of  roots  and  stubble  would  pass 
through  the  sieve  with  the  fine  soil,  was  the  same  in  all  these  cases. 
The  acre  quantities  of  field  cured  crops  yielded  hf  the  several  plats 
represented  in  these  composites  during  the  time  between  these 
analyses,  was,  according  to  Prof.  C.  P.  Noll,  of  the  Department  of 
Agronomy,  of  this  Station,  as  follows: 


r2-year  change. 
Per  cent. 

..  +  .121 

. .  +  .134 

..  —  .001 

..  —  .0:31 


Corresponding 

Sums  of  annual 

annual  aver- 

yields. 

ages. 

Lbs. 

Lbs. 

1. 

Untreated  (plat  24)  

24.062 

2.0O4 

2. 

47,138 

4,265 

3. 

54.547 

4,546 

4. 

29,104 

2,425 

5. 

31,662 

2,63S 

Disregarding  the  possible  differences  in  the  preparation  of  the  fine 
soils,  the  average  annual  rate  of  organic  matter  net  increase  on 
Plats  16  and  22,  was  .011  per  cent.  each.  The  annual  decrease  ap- 
parent on  Plat  34  was  .0026  per  cent.  The  figures  for  crop  weight 
being  used  as  rough  indicators  of  the  quantities  of  organic  crop 
residues  added  each  year  to  the  soil,  it  would  appear  that  the 
amount  destroyed  in  Plat  23  was  about  as  great  as  the  amount  added ; 
that  in  Plat  34  slightly  greater;  and  those  in  Plats  16  and  22  not 
quite  as  great  as  the  amounts  added,  but  still  nearly  one-half  greater 
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than  the  absolute  amounts  destroyed  on  Plate  23  and  34;  and, 
furthermore,  that  rate  of  destruction  was  somewhat  greater  on 
Plat  22,  where  lime  was  added  with  manure,  than  on  Plat  16,. 
where  manure  was  applied  without  lime. 

In  general,  viewing,  by  the  second  method  of  the  two  above  stated, 
the  data  now  available  from  this  experiment,  the  inferences  are 
virtually  the  opposite  of  these  suggested  when  the  assumption  is 
made  that  the  soils  were  alike  in  composition  when  the  experiment 
began.  That  is,  we  would  infer,  by  the  second  method,  that  the 
liming  was  not  unusually  destructive  of  humus,  that  the  crushed 
limestone  dressings  led  to  a  slightly  greater  destruction,  or,  at 
least,  to  a  less  gain  than  that  occurring  with  caustic  lime,  and 
that  while  the  manured  plats  showed  a  humus  gain,  there  was  a 
much  greater  destruction  of  total  organic  matter,  including  that  of 
the  manure,  where  manure  was  applied,  with  or  without  lime,  than 
where  either  the  caustic  or  carbonate  lime  was  used  without  manure. 

The  two  methods  of  discussion  disagree  radically  in  the  inferences 
their  use  develops.  Eespecting  the  validity  of  the  assumption  that 
all  the  plats  were  of  lime  composition  in  1881,  when  the  experiment 
began:  We  now  know  that  the  proportions  of  coarse  vs.  fine 
soil  differ  very  considerably  in  different  portions  of  the  experimental 
tract.  This  affects  the  correctness  of  results  obtained  by  using 
the  same  acre-weight  factor  in  determining  the  pounds  per  acre  of 
the  constituents  of  the  several  plat  soils.  The  grass  roadways  be- 
tween the  tiers  of  plats  have  been  in  sod  unfertilized  since  1868,  yet 
they  show  marked  differences  in  composition  at  different  points,  so 
that  the  average  for  one  roadway  differs  decidedly  from  that  for 
another  roadway,  as  to  organic  carbon  nitrogen  and  other  consti- 
tuents.^ Individual  plats  under  like  treatment  also  show  pronounced 
differences  in  the  composition  of  their  fine  soil.^  These  conditions 
were  unkown  in  1900,  when  the  results  of  Hess's  analyses  were  dis- 
cussed. 

This  experiment  and  its  conditions  have  deen  thus  fully  presented 
and  discussed,  lecause  the  inferences  of  1899-1900  were  made  the 
iasis  for  conclusions  much  farther  reaching  than  any  the  lariter 
ventured  to  make;  and  these,  in  turn,  have  constituted  the  grounds  for 
an  extensive  commercial  exploiting  of  the  merits  of  ground  limestone 
as  contrasted  tvith  the  old-fashioned,  lurnt  lime  applications,  which 
are  declared  to  hum  up  the  humus,  whereas  the  carbonate  is  saidi 
to  conserve  it. 

The  use  of  the  two  sets  of  analyses  of  1899-1900  and  1911  for  de- 
termining the  percentage  changes  in  the  fine  soil  during  the  interval 
between  the  analyses,  requires  no  sweeping  asssumption.    It  is  true 


^Compare  Frear  and  White,  Annual  Reports,  Pa.  Agri.  Expt.  Station,  1907-10. 
^See  Brown  and  Maclntire,  Annual  Reports,  Pa.  Agri.  Expt.  Station,  1907-11 
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that  more  exact  determinations  of  the  acre-weight  factors  and  fine 
soil  percentages  for  the  respective  plats  are  requisite  to  an  exact 
calculation  of  the  absolute  weights  of  the  constituents  on  the  areas 
concerned.  The  increasing  body  of  evidence  as  to  the  chemical  and 
physical  inequalities  of  these  soils  would  doubtless  lead  to  the 
use  of  a  greater  number  of  subsamples  in  preparing  composites 
representative  of  the  treatments.  In  neither  of  the  sets  were  the 
analyses  sufficiently  complete  to  afford  many  checks  to  establish 
the  identity  of  the  general  body  of  the  fine  soil  in  the  corresponding 
samples  of  these  sets.  In  a  very  general  way,  however,  the  amounts 
of  carbonic  acid  combined  as  carbonates  agree  in  the  pairs  of  these 
sets,  except  in  case  of  the  samples  for  Plats  22  and  34. 

On  the  whole,  the  inferences  from  the  comparison  of  composition 
in  1899-1900  and  1911  involve  less  of  assumption  than  those  based 
solely  upon  either  of  these  sets  of  analyses  considered  by  themselves. 

New  Jersey  Field  Studies. 

Lipman  and  Blair^  studied  the  total  carbon  content  (including 
that  present  in  carbonates)  in  the  soils  of  certain  fertilizer  plats 
before  and  after  treatments,  some  with,  some  without  ground  lime- 
stone dressings,  made  in  1908  at  the  beginning  of  the  experiments 
and  at  the  rate  of  one  ton  per  acre.  The  land  was  previously  run 
down  and  distinctly  acid.  This  acid  condition  remained  at  the 
end  of  the  test,  but  was,  on  the  average,  only  eleven-eighteenths  as 
great  on  the  limestone  treated  plats,  as  it  was  on  those  that  had  not 
received  this  dressing.  Since  the  several  samples  analysed  at  the 
beginning  of  the  experiments  showed  considerable  differences  in  total 
carbon  content,  the  analyses  at  the  end  of  the  experiments  will  here 
be  used  only  in  case  of  plats  for  which  there  were  analyses  of  soil 
samples  taken  before  the  treatments  began.  The  analyses  represent 
that  part  of  the  soil  passing  a  2  mm.  sieve. 

The  results  were  as  follows: 


Total  Carbon  (Per  Cent.) 

Treatment  per  Acre.       ■    '  .  ' 

1909. 

1913. 

Change. 

1.    Muriate  of  potash  (33)  lbs.),  limed,  (23)  . 

1.270 

1.28(1 
1.31(1 

1.143 

1.375 
1.439 

—.127 

+  .095 
+  .129 

2.    Muriate  of  potash   (320  lbs.) 
Acid   phosphate    (630  lbs.) 
Cow  manure   (16  tons) 

Dnlimed  (5A)  

Limed  (5B)  

3.    Muriate  of  potash  (320  lbs.)                                     ~  • 
Acid  phosphate  (630  lbs.) 

Calcium  nitrate  =  to  320  lbs.  of  nitrate  of  soda,  Unlimed  (lOA). 

1.060 

1.139 

+  .079 

4.    Like  No.  3  with  fish  substituted  for  calcium  nitrate  (14A)  

1.160 

1.256 

+  .098 

'N.  J.  Agric.  Expt.  Station,  Bulletin  No.  260. 
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Where  no  ground  limestone  was  used,  these  cropped  soils  showed 
a  gain  in  carbon  during  the  period  of  experiment;  where  the  lime- 
stone dressing  had  been  applied  with  a  one-sided  fertilizer  (2B) 
whose  use  was  followed  by  a  distinct  increase  in  yield  of  dry  matter 
over  that  produced  by  the  unfertilized  plat,  there  was  a  distinct  loss 
of  carbon  in  the  soil;  where  it  was  applied  with  a  complete  fertilizer 
(5B)  whose  use  was  followed  by  a  large  crop  increase,  the  carbon 
content  of  the  soil  was  increased.  Increases  in  soil  carbon,  but  of 
small  amount,  were  likewise  observed  in  the  cases  of  the  unlimed 
treatments,  5A,  lOA,  and  14A,  which  were  followed  by  gains  in 
crop  yield;  the  increases  being  intermediate  between  those  following 
the  use  of  treatments  2B  and  oB  respectively.  It  is  impossible  to 
determine  from  these  data  for  2B  and  5B  how  far  the  changes  in  , . 
carbon  content  were  caused  by  the  direct  influence  of  the  limestone 
upon  the  soil  and  its  bacterial  life,  and  how  far  by  the  indirect 
effects  due  primarily  to  influences  upon  crop  yield  and  root  develop-  _ 
ment. 

The  average  carbon  content  of  the  20  unlimed  plats,  at  the  end 
of  the  experiment,  as  compared  with  that  of  the  20  limed  plats, 
namely,  1.240  per  cent.,  as  compared  with  1.152  per  cent.,  is  possibly 
significant  of  a  tendency  of  liming  to  accelerate  the  rate  of  humus 
decomposition. 

EFFECTS  UPON  ALKALI-SOLUBLE  HUMUS. 

In  addition  to  the  data  just  presented  respecting  the  effects  of 
lime,  caustic  and  carbonate,  upon  the  total  amount  of  organic  matter 
in  the  soil,  several  studies  have  been  made  as  to  the  effects  of  such 
dressings  upon  the  quantity  of  what  is  generally  regarded  as  the 
more  active  portion  of  that  organic  matter,  namely,  that  portion 
which  is  soluble  in  dilute  alkali.  :  ,  .  . 

_  Pennsylvania  Studies. 

The  data  obtained  by  McDowell  have  been  earlier  presented. 

Rhode  Island  Studies. 

A  series  of  these  studies  has  been  made  at  the  Ehode  Island  Experi- 
ment Station.  In  1893,  of  two  pairs  of  plats  fertilized  respectively 
with  sulphate  of  ammonia  and  nitrate  of  soda,  together  with  phos- 
phoric acid  and  potash,  one  of  each  pair  received  dressings  of  air- 
slaked  lime  at  the  rate  of  3.7  tons  per  acre,  as  follows:  In  1893, 
5,400  pounds;  in  1894,  1,000  pounds;  in  1902,  1,046.1  pounds. 

Hartwell  and  Kellogg^  report  the  analyses  of  soil  samples  taken 
from  these  plats  in  1896  and  1904.  Owing  to  the  differences  in  the 
methods  of  sampling  and  of  preparing  the  fine  soil  for  analysis, 

iRept.  R.  I.  Agri.  Expt.  Station  1905,  pp.  242-252. 
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the  two  sets  of  analyses  are  not  closely  comparable,  so  that  compari- 
son must  be  limited  to  members  of  the  same  set.  It  is  not  certain 
that  the  soils  were  exactly  alike  as  to  alkali-soluble  humus  at  the 
beginning  of  the  experiment.  These  authors  give,  however,  the  re- 
sults of  similar  analyses  of  soils  from  four  pots,  filled  with  the  same 
soil,  but  given  treatments  like  thoses  of  the  above-mentioned  plats, 
and  cropped  for  three  years.  The  analyses  show  the  following  per- 
centages of  alkali-soluble  humus,  expressed  in  terms  of  the  water-free 
soil : 


Plats. 

Pots. 

1896. 

1904. 

Sulphate  of  ammonia: 

Per  Cent. 

4.00 
3.60 

4.29 
3.49 

Per  Cent. 

3.76 
3.25 

3.78 
3.33 

Per  Cent. 

3.93 
3.63 

3.93 
3.42 

Nitrate  of  soda: 

In  each  case,  the  limed  soil  shows  less  active  humus  than  the 
corresponding  acid,  unlimed  soil. 

These  authors  further  studied  the  quantities  of  humic  acid  separ- 
able from  the  alkaline  solutions  of  the  plat  soils,  with  these  re- 
sults : 


Sulphate  of  ammonia,  unlimed, 
Sulphate  of  ammonia,  limed, 

Nitiate  of  soda,  unlimed  

Nitrate  of  soda,  limed  


The  foregoing  data  for  the  samples  of  1904  show  practically  the 
same  relations  as  those  obtained  from  the  1896  samples.  In  general, 
they  indicate  that  the  compositions  of  the  alkali-soluble  humus  in 
the  limed  and  unlimed  soils  are  unlike,  the  former  being  somewhat 
further  decomposed. 

Other  Studies. 

Kousseaux  and  Brioux^  state  that  in  soils  deficient  in  lime  and 
clay,  but  possessing  a  moderate  amount  of  phosphorus,  this  element 
is  chiefly  combined  with  the  humus,  which  is  usually  of  low  solu- 
bility. That  the  solubility  of  the  humus  as  a  whole  is  diminished 
after  adding  lime,  whereas  that  of  the  phosphorus,  in  one  per  cent, 
citric  acid  (cold),  is  not  changed. 


^Ann.  Sci.  Agron  (3)  3  (1908)  II,  370-396. 
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Tennessee  studies.  .  , 

Mooers,  Hampton  and  Hunter^  studied  the  changes  in  alkali- 
soluble  humus  in  acid  cow-pea  soils  during  a  five-year  experiment 
with  and  without  liming.  The  results  obtained  were  as  follows,  in 
terms  of  water-free  soil: 


Cow  peas  turned  under: 

1905,   

1907  

1910  

Change  In  5  years,   

Cow  peas  remOTed,  no  manure  substituted: 

1905  

1907  

1910  

Change  in  5  years,   


Unlimed;  Humus. 

Limed;  Humus. 

Difference. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

1.32 

1.32 

.00 

1.31 

1.29 

—.02 

1.37 

1.32 

—  .05 

-t-0.05 

0.00 

1.26 

1.26 

.00 

1.29 

1.21 

.— .(B 

1.3 

1.22 

—.07 

-1-.03 

-.04 

These  changes  point  to  a  very  slight  gain  of  alkali-soluble  humus 
on  the  acid  plats  during  the  5-year  period;  a  very  slight  loss  on  the 
corresponding  limed  areas. 

According  to  the  Pennsylvania,  the  Rhode  Island  and  the  Ten- 
nessee results,  the  application  of  lime  is  folloiced  hy  a  decrease  in 
the  amount  of  active  humus  in  the  soil. 

INFLUENCE  OF  LIMING  UPON  THE  NITROGEN  SUPPLY  OF  THE  SOIL. 

All  but  vei*y  minute  quantities  of  the  soil  nitrogen  are  stored  in 
its  organic  compounds.  In  the  course  of  decay  under  ordinary  con- 
ditions, the  elements  other  than  nitrogen  disappear  more  rapidly 
than  the  nitrogen.  Hilgard  has  noted  the  especial  nitrogen  richness 
of  arid-soil  humus  owing  to  this  manner  of  concentration  of  that 
element. 

Associated,  therefore,  with  the  question  of  the  influence  of  liming 
upon  the  soil's  stock  of  humus,  is  that  of  its  effect  upon  the  nitrogen 
supply.  For  the  present,  consideration  of  the  more  limited  question 
as  to  the  effect  of  liming  upon  the  soil's  power  to  absorb  and  retain 
ammonia,  will  be  postponed,  and  attention  directed  to  the  total 
nitrogen  present  before  and  after  liming  treatment.  The  total  num- 
ber of  careful  observations  recorded  upon  this  subject  is  not  large. 

Pennsylvania  Studies. 
Sweetser  and  McDowell^  in  connection  with  the  experiments  earlier 
mentioned,  in  which  the  effects  of  fallow  treatment,  with  and  without 
lime,  upon  the  composition  of  two  soils,  a  muck  and  a  Hagerstown 

Tor  more  complete  details  of  the  investigation,  see  account  in  the  following 
section. 

'BuUetin  61,  Pa.  Dept.  Agri.,  pp.  130-132;  Pa.  Agrl.  Expt.  Station,  Report 
1899-1900,  pp.  15-176. 
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silty  loam  surface  soil  iu  good  productivenesse  were  compared, 
studied  this  question.  The  last  examination  was  made  10  months 
after  the  treatments  began.  The  percentages  of  nitrogen  in  the 
water-free  soils  at  these  times  were  found  to  be: 


Before  treatment, 
After  treatment: 

B'allow  

fi'allow,  limed, 


Muck. 


Per  Cent. 
.578 


.618 
.595 


Fallow  with  liming  resulted,  in  each  case,  in  a  slight  decrease  of 
nitrogen,  though  the  decrease  in  the  case  of  the  loam  was  very  slight. 
(The  analyses  were  carefully  duplicated,  and  warrant  the  slight 
distinction  here  made.) 

Hess  and  Maclntire,^  in  their  several  studies  of  the  limed  and 
unlimed  plats  of  the  General  Fertilizer  Series  of  the  Pennsylvania 
fetation,  coupled  determinations  of  total  nitrogen  with  those  of  or- 
ganic carbon  in  the  samples  representing  the  several  treatments. 
Their  nitrogen  results,  expressed  as  percentages  of  the  water-free 
soils,  were  as  follows : 


Untreated  soil,   

Manure  (6T).   

Manure  (6T)  and  lime. 

Lime,   

Ground  limestone  


Hess, 
1899-1900. 


.1244 
.1508 
.1468 
.1172 
.1341 


Maclntire, 
1911. 


•.1122 

.1523 
.1589 
.1199 
.1222 


Change  in 
la  yrs. 


—.0122 
+.0015 
+  .0121 
+  .0027 
—.0119 


'Representing  Plate  24  only,  whereas  the  1S99-190O  samples  represented  Plats  1,  14,  24  and  36 
collectively. 

No  large  changes  are  apparent  at  the  end  of  the  twelve  years  of 
treatment.  Losses  have  doubtless  occurred,  but  there  have  been  al- 
most counter -balancing  additions.  Comments  earlier  made  upon 
the  difficulties  inherent  in  the  sampling  and  other  factors  in  the 
examining  of  field  soils,  make  such  examinations  as  these  less  ac- 
curately informing  than  others  in  which  these  difficulties  can  be 
largely  or  altogether  overcome. 


Rhode  Island  Studies. 

Hartwell  and  Kellogg^  also  made  determinations  of  nitrogen  as 
well  as  of  humus  in  their  limed  and  unlimed  soils.  The  nitrogen 
determinations  show,  however,  only  the  quantities  present  in  the 
field  soils  at  the  end  of  11  years  of  treatment.  The  results  obtained 
were : 


^See  investigations  cited  in  previous  section. 

"See  investigations  mentioned  in  the  preceding  section. 
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Nitrogen  in 
water-free  soil. 


Sulphate  of  ammonia,  uulimed. 
Sulphate  of  ammonia,  limed,  ... 

Nitrate  of  soda,  unlimed  

Nitrate  of  soda,  limed  


Per  Cent. 


.223 
.222- 
.325 
.206 


No  nitrogen  depression  was  observed  w'here  liming  accompanied 
the  ammonium  sulphate  treatment,  but  a  considerable  deficiency  ap- 
peared after  liming  in  connection  with  nitrate  of  soda  dressing. 

N-ew  Jersey  Studies. 

Lipman  and  Blair,^  report  the  nitrogen  percentages  in  the  fertilizer 
plat  soils  previously  mentioned,  to  have  been,  in  1909,  before  the 
ti-eatments,  and  in  1913,  after  5  years  of  treatment,  respectively  as 
follows : 


Muriate  of  potash  with  limestone  (2B)  

Muriate  of  potash,  acid  phosphate  and  cow  manure: 

Unlimed  (5A),   

Limed  (5B),   

Muriate    and   phosphate   with   calcium    nitrate;    No  limestone 

(lOA)  

Muriate  and  phosphate  with  fish;  no  limestone  (14A)  


Total  Nitrogen,  (Per  Cent.) 


1909. 


1913. 


.110 

.080 

—.020 

.114 

.100 

—.014 

.107 

.103 

—.004 

.109 

.094 

—.015 

.119 

.101 

—  .018 

Change. 


All  the  plats  lost  nitrogen;  the  limestone  treated  plats  no  more 
than  the  others;  indeed  the  limed  duplicate  of  the  second  treatment 
showed  less  loss  than  any  other  soil  here  considered.  As  in  the  case 
of  the  carbon  content  of  the  soils,  the  influence  of  the  residues  from 
the  crops  grown  during  the  experiment,  modified  that  of  the  other 
causes  that  affect  directly  the  losses  and  gains  of  nitrogen  by  the 
treated  soils. 

Comparing  the  average  content  of  all  the  plats  at  the  conclusion  of 
the  experimental  period,  the  percentage  in  the  20  unlimed  plats 
was  .0969;  in  the  20  limed  plats,  .0859,  a  difference  probably  signifi- 
cant of  a  real  nitrogen  decrease  as  the  result  of  liming — a  decrease 
in  the  soil  which  is  at  least  partly  accounted  for  by  the  observed 
nitrogen  increase  in  the  crops  removed  during  the  period : 


>See  p.  152. 
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Corn,  grain  and  stover,  (19t>S), 
Oats,  grain  and  straw,  (1909),  . 

Residual  crop,  corn,  1909),   

Oats,  grain  and  straw,  (1910), 
Wheat,  grain  and  straw,  (1911), 
Timothy,  (1912)  

Totals,   


The  higher  figure  for  limed  corn  in  1908,  more  than  overcame  the 
nitrogen  deficiencies  of  other  crops  on  the  same  limed  plats. 

Tennessee  Studies. 

Mooers,  Hampton  and  Hunter^  studied  the  quantities  of  nitrogen 
in  a  soil,  before  and  after  cropping  with  cow  peas,  with  various 
fertilizer  applications,  which  were  made  with  and  without  additional 
lime  dressings.  The  soil,  of  dolomitic  source,  was  originally  some- 
what acid,  and  the  liming,  where  practiced,  was  in  the  form  of 
dressings  of  burnt  lime  at  the  rate  of  1,800  pounds  an  acre.  In 
some  cases,  the  cow  peas  were  turned  under;  in  other  cases,  removed 
from  the  soil.  The  sampling  of  the  soil  was  carefully  performed. 
The  results,  grouped  as  to  cow  pea  removal  or  retention,  were  as 
follows,  in  percentages  of  water-free  soil: 


Unlimed. 

Limed. 

Difference. 

Per  Cent. 

Per  Cent. 

Cow  peas  turned  under: 

.1285. 

.1285 

.0000 

.1233 

.12JS 

—  .0010 

.1212 

.1174 

—  .OO'SS 

—  .0073 

—.0111 

Cow  peas  removed,  no  manure  applied: 

.1238 

.1238 

.0000 

.1192 

.1129 

—  .0053 

.1157 

.1113 

—.0044 

—.0081 

—.0125 

There  was  an  appreciable  loss  of  nitrogen  on  the  unlimed  plats 
during  the  five-year  period ;  a  loss  very  slightly  greater  where  the  pea 
vines  were  removed  and  no  manure  substituted.  The  losses  on  the 
corresponding  limed  areas  were  about  50  per  cent,  greater. 


GENERAL  SUMMARY  OP  KNOWLEDGE  CONCERNING  EFFECTS  OF  LIM- 
ING UPON  HUMUS  QUANTITY  IN  SOILS. 

From  all  the  facts  now  in  our  possession,  humus  formation  and 
decay  are  due  chiefly  to  the  action  of  the  lower  organisms  inhabiting 
the  soil.  The  general  result  of  the  experiments  and  observations 
earlier  mentioned  is  that  the  addition  of  carbonate  of  lime  increases 
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the  rate  of  bacterial  decoinpositiou  iu  the  soil,  aud  probably  is  also 
followed  by  an  increase  in  bacterial  number,  except  when  this  dress- 
ing is  added  in  too  large  amounts;  that,  on  the  other  hand,  the 
first  effects  of  application  of  caustic  lime,  except  iu  small  amounts, 
is  a  short-time  decrease  of  bacterial  and  other  soil  life,  followed 
erelong  by  a  large  increase  in  the  numbers  of  these  organisms  aud 
in  their  activity'.  In  our  own  observations,  made  three  years  after 
liming,  the  limed  plat  had  more  bacteria  than  the  untreated  soil, 
while  the  lime  and  manure  plat  had  nearly  fifty  per  cent,  more  bac- 
teria than  the  plat  receiving  lime  as  the  sole  dressing. 

Where  the  conditions  of  soil  composition  and  reaction,  therefore, 
are  such  as  to  induce  an  increase  in  bacterial  life  and  vigor  as  the 
consequence  of  a  lime  dressing,  we  should  expect  an  increased  rate 
in  bumus  decomposition  to  follow.  Liming  an  acid  soil  should  show 
such  results;  but  liming  a  soil  already  alkaline  might  have  little 
effect.  The  increased  rate  of  humus  decomposition  might  not,  how- 
ever, result  in  an  actual  decrease  in  the  humus  content  of  the  cropped 
or  manured  and  cropped  soil.  An  increase  in  crop  yield,  with  its 
larger  root  and  stubble  residues,  and  the  added  organic  matter  of 
the  manure,  might  suffice  to  place  the  balance  of  change  on  the  gain 
side  of  the  soil  ledger. 

So  far  as  the  evidence  bears  upon  the  direct  effect  of  dressings 
with  caustic  lime  or  of  carbonate  of  lime  upon  the  humus  content 
of  cultivated  soil,  it  indicates  that  such  dressings  tend  to  an  increased 
rate  of  humus  decomposition;  but  where  liming  is  accompanied  by 
manuring,  or  probably  by  green  manuring,  the  increase  in  decomposi- 
tion rate  i^J  not  to  be  regarded  as  injurious  to  the  productiveness 
of  the  soil.  Furthermore,  the  evidence  from  the  more  critically 
planned  investigations  does  not  warrant  any  sharp  distinction  be- 
tween lime  in  the  caustic  and  carbonate  forms,  as  respects  their 
long-time,  direct  effects  upon  humus  decay. 

As  to  the  effects  of  liming  upon  the  active  or  alkali-soluble  humus 
in  the  soil,  the  few  exact  experiments  available  indicate  that  it,  too, 
is  decreased  by  liming  where  no  large  additions  of  organic  matter 
by  manuring  or  green  manuring  are  made;  that  it  is  jDrobably  de- 
stroyed more  rapidly  than  the  total  organic  matter,  and  becomes 
somewhat  different  in  composition  from  the  corresponding  fraction  of 
the  organic  matter  in  unlimed,  acid  soils.  The  observations  iipon 
this  point  are,  however,  too  few  and  representative  of  too  few  con- 
ditions to  warrant  the  drawing  of  a  hard-and-fast  conclusion. 

As  to  its  effects  upon  the  soil's  nitrogen  supply,  it  is  clear  that 
the  use  of  lime,  marl,  chalk  or  ground  limestone  upon  an  acid  soil, 
increases  the  ammoniflcation  and  nitrification.  Its  tendency,  there- 
fore, is  to  hasten  the  rate  of  decline  in  nitrogen  content  common 
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to  all  cultivated  lands  unless  especial  methods  of  management;  crop- 
ping or  fertilizing  are  used  to  maintain  the  supply.  On  soils  of 
open  nature,  this  general  tendency  is  more  pronounced  than  on  those 
of  heavy  texture. 

All  these  facts  do  not  spell  the  caution,  "Do  not  lime."  They 
simply  mean  that  when  you  lime,  do  hot  lime  in  excess — either 
too  much  or  too  often — and  do  not  lime  without  taking  measures 
to  maintain  the  humus  and  nitrogen  supplies. 

Opposing  Theory. 

This  phase  of  our  subject  should  not  be  closed  without  reference 
to  several  observations  which  have  influenced  the  thought  of  many 
careful  students  of  soil  chemistry,  and  which  have  not  been  har- 
monized with  the  facts  just  discussed. 

P.  Kossovich  and  I.  Tretjakov^  observed  experimentally  that  small 
additions  of  calcium  carbonate  to  relatively  large  quantities  of  oats 
leaves  and  of  hay,  retarded  their  decay.  They  also  note  that  the 
famous  tschernosem  or  black  soils  of  Eussia,  which  are  rich  in 
calcium  carbonate,  are  also  rich  in  humus;  while  soils  poor  in  lime 
do  not  accumulate  humus,  even  when  under  forest  growths. 

S.  Krakov^  experimenting  with  a  light  sandy  tschernosem  and  a 
gray  forest  (podzol)  soil,  observed  that  when  the  soluble  constituents 
were  rapidly  removed  from  these  soils,  there  was  a  progressive  de- 
cline in  their  humus  content;  that  the  calcium  and  magnesium 
I'esidues  of  plants,  as  well  as  these  elements  in  combination  in  the 
soils,  play  a  leading  role  in  these  changes;  that  humus  increase  is 
promoted  where  conditions  prevent  the  leaching  away  or  removal 
otherwise  of  these  soluble  constituents;  and  that,  finally,  by  con- 
trolling the  quantity  of  these  constituents  in  the  soils,  the  degrada- 
tion of  the  tschermosem  and  the  regradation  of  the  gray  forest  soil 
can  be  artifically  brought  about. 

CROP  YIELDS  WITH  DIFFERENT  KINDS  OF  ALKALINE  LIMB  COM- 
POUNDS. 

When  we  question  concerning  the  probable  efi'ects  upon  crops  of 
any  manurial  or  amending  application,  the  answer  must  be  sought 
from  the  plants  themselves. 

In  the  present  section  we  shall  confine  the  question  to  the  com- 
parative effects  of  the  several  alkaline  amending  substances  upon 
crop  yields,  and  shall  assume  that  the  fact  that  such  substances 
in  general  tend  to  promote  crop  yields  on  soils  that  were  injuriously 
acid  previous  to  the  use  of  these  substances,  is  so  well  and  so  gen- 
erally known  as  to  require  no  presentation  of  evidence  for  its  ac- 
ceptance. 

'Zhur.  Opuitin,  Agron.,  3,  (1902),  450-484. 
'76.,  1,  (1909)  1-34. 
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Unfortunately  for  our  purpose,  a  very  large  proportion  of  the 
experiments  upon  the  specific  subject  of  this  section  have  not  been 
so  conducted  as  to  satisfy  requirements  we  now  regard  as  essential 
to  a  clean  cut  comparison. 

Pennsylvania  Field  Experiments. 

The  Pennsylvania  State  College  Agricultural  Experiment  Station 
has  from  1881  to  this  time,  continued  a  comparison  of  the  effects 
of  caustic  lime  vs.  carbonate  of  lime  upon  the  crops  of  the  ordinary 
four  course  rotation.  The  plan  of  these  experiments  has  been  quite 
fully  presented  in  earlier  pages,  and  will  not  be  here  repeated.  In 
recent  years,  two  other  field  experiments  have  been  started  with  the 
object  of  a,  more  detailed  study  of  the  subject.  The  crop  yields 
from  the  plats  of  these  experiments  have  recently  been  discussed 
by  Prof.  F.  D.  Gardner,^  from  whose  data  the  following  figures  are 
taken.  .  . 

General  fertilizer  series  experiment. 

The  treatments  here  considered  have  been  fully  described  in  the 
section  dealing  with  the  effect  of  lime,  as  compared  with  crushed 
limestone  upon  the  humus  content  of  the  soil. 

The  yields  here  given  are  thitry-year  averages  (1882-1911)  : 


^Penna.  State  College  Agrl.  Expt.  Station,  Bulletin  No.  131. 
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(■sqi)  sdo.io  iBjox 


(•sqi)  iBH 

3,9'78 
4,299 
2,542 
2  479 
2]909 
2,670 

+321 
+  63 
+239 

Wheat  (Lbs.) 

3,759 
3,694 
2,234 
2, 069 
2,417 
2,160 

—  65 
+165 
+257 

MMrt^",-.'^"           1  ++ 

•nio.io 

1,399 
1,390 
S9S 
938 
956 
852 

—  9 
+  60 
+104 

Oats  (Lbs.) 

3, 121 
3,487 
2,.57S 
2,304 
■  2, lis 
2,398 

+366 
+268 
+515 

1,860 
2,176 

1,658 

1,845 
1,387 

+316 
+376 
+458 

■in«.i!) 

■  1,261 
1,311 
914 

1,011 

+  50 
—108 
+  57 

Corn  (Lbs.) 

6,520 
6,780 
4,053 
4  187 
4^574 
4,430 

+260 
—134 
+144 

MSAOjy 

^",H-          ^  '  ^ 

•UlTSJf) 

3,867 
4,111 
2,347 
2,476 
2,691 
2,571 

+244 
—129 
+120 

I 

!6 


I" 


liii 


■ON  I'^M 
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It  is  to  be  remembered  tbat  anuually  these  crops  have  changed 
from  tier  to  tier,  but  always  to  plats  that  have  had  the  same 
treatments  throughont  the  experiment.  By  this  method,  the  influ- 
ence of  season  and  original  soil  difference  have  been  somewhat  over- 
come. The  crop  most  benefitted  by  the  lime  treatments  has  been 
oat  straw.  The  crushed  limestone  plats  have  given  consistently 
higher  yields  than  the  plats  that  received  the  burnt  lime  dressing. 
Concerning  th^  real  chemical  and  physical  equivalence  of  these  dress- 
ings, the  writer  has  made  some  remarks  on  an  earlier  page. 
It  is  noteworthy  that,  even  after  thirty  years  of  cultivation  without 
dressings  of  any  kind.  Plats  24  and  36,  in  the  same  tier  of  plats, 
liave  differed  in  hay  production  by  as  much  as  200  pounds  an  acre. 
Their  average  4-acre  difference  for  thirty-  years'  crops  is  629  pounds; 
a  quantity  almost  as  large  as  the  difference  between  the  like  averages 
for  Plats  23  and  34,  namely,  783  pounds.  •  '    :  ••  : 

Lime  experiments,  Second  Series.     .    '   /  ' 

Begun  in  1908  on  land  in  sod  after  a  four-course  rotation,  in  good 
fertility  from  use  of  barnyard  manure,  unlimed  for  27  years  previous 
and  with  a  lime  requirement  of  1,676  pounds  of  the  "exposed  lime" 
or  1,921  pounds  of  the  crushed  limestone  used  in  the  experiment. 
The  dressing  with  these  materials,  without  added  fertilizers,  was 
made  in  1908  before  corn,  and  the  lands  cropped  with  the  ordinary 
four-course  rotation  since  that  time.  The  total  weights  of  crops, 
expressed  in  pounds  to  the  acre,  for  the  years  1908-1912  both  in- 
clusive, were  as  follows,  together  with  the  respective  gains  and 
losses  as  determined  by  comparison  with  the  treatments  with  ex- 
posed lime,  2,544  pounds,  and  computed  upon  the  assumption  that 
the  natural  fertility  not  only  increased  from  Plat  1  to  Plat  8,  but 
did  so  at  a  uniform  rate. 


Plat 
No. 


Treatment. 


Exposed  lime,  2,544  lbs..  . 

Untreated  

Exposed  lime,  1.676  lbs,  . 
Exposed  lime,  2,544  lbs.,  . 
Ground  limestone,  2.97C  lb; 
Ground  limestone.   1.&21  lb: 

Exposed   lime.  2,544  

Unslaked  lime.  4.000  lbs.. 


5  Years 
Crops. 


Lbs. 


IS  637 
17.229 
18,314 
IS. 336 
18,776 
19,590 
19,406 
20.191 


Gain  (+)  or 
Loss  ( — ). 


Lbs. 


-l.Sl>2 
 122 


+83 

+541 


+4S« 


Again,  on  their  face,  these  results  suggest  some  slightly  superior 
crop  gain  from  the  carbonate,  as  compared  with  equivalent  amounts 
of  burnt  lime,  fresh  or  exposed.  The  yields,  however,  with  quantity 
variation  in  the  treatments,  lack  logical  relationship.    The  carbonate 
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here  used  was  fine  ground.  If  the  caustic  qualities  of  the  burnt  lime 
caused  the  relatively  low  yields  of  Pats  3  and  4,  and  7,  as  com- 
pared with  Plats  6  and  5,  why  should  not  the  more  caustic  and 
heavier  application  to  Plat  8  have  had  an  effect  at  least  as  de- 
pressing? 

Lime  Experiments,  Third  Series. 

On  the  Mitchell  farm,  upon  run-down  land  previously  cropped  with 
the  ordinary  four-course  rotation,  unlimed  for  50  years.  The  lime 
requirement,  determined  as  in  the  preceding  series,  by  the  Veitch 
method,  was  equivalent  to  1,980  pounds  of  exposed  lime,  or  2,343 
pounds  of  fine  ground  limestone.  In  these  experiments,  uniform 
dressings  of  a  basal  fertilizer  were  applied  equally  to  all  the  plats. 
The  total  four-year  yields  to  the  acre  from  the  crops  of  corn,  barley 
and  alfalfa  (2  years,  the  first  with  a  single  cutting,  the  second  with 
three  cuttings,  of  which  the  second  was  not  removed)  were  as  fol- 
lows, together  with  the  gains  and  losses,  as  compared  with  the  check 
treatment  of  4,000  pounds  of  exposed  lime,  computed  as  in  Series  2 : 


Plat 


9. 
10. 
11. 
12. 
13. 


Treatment 


Exposed  lime,  4,000  pounds, 

Dnlimed  

Exposel  lime,  1,9S0  lbs  

Exposed  lime,  4,000  lbs.,  . 
Ground  limestone,  4,735  lbs. 
Ground  limestone,  2,343  lbs. 
Exposed  lime,  4,000  lbs.,  . 
Exposed  lime,  8,000  lbs.,  . 
Ground  limestone,  9,470  lbs. 
Exposed  lime,  4,000  lbs.,  . 
Exposed  lime,  24,969  lbs.. 
Ground  limestone,  29,5.5(5  lbs. 
Exposed  lime,  4,000  lbs  


4  Tears 
Crops. 


Lbs. 
13, 
12, 
11, 
10, 
13, 
14, 
13, 
12, 
13 
12, 
12, 
12, 
12, 


OSl 
550 
923 
700 
635 
423 
192 
358 
360 
933 
737 
447 
492 


Gain  (+)  or 
Loss  (— ). 


Lbs. 


+25S 
-t-426 


-f2105 
-i-2062 


—748 
-1-341 


—49 
—192 


The  limestone  applied  in  these  experiments  was  fine  ground. 
Again,  the  yields,  taken  at  face  value,  favor  somewhat  the  dressing  of 
carbonate  as  compared  with  the  oxid,  or,  more  probably,  the  hydrate 
state  of  combination  for  the  lime  used.  Again,  however,  the  fact 
obtrudes  itself  that  the  yields  from  the  several  treatments  with  dif- 
ferent quantities  of  these  lime  compounds  do  not  exhibit  a  logical 
relationship. 

The  chief  strength  of  a  claim  from  these  experiments  for  some 
superiority  in  crop  effects  from  the  carbonate  of  lime  over  the  caustic 
lime,  lies  not  so  much  in  the  results  of  either  of  these  three  series  of 
experiments  considered  by  itself,  as  in  the  fact  that,  though  con- 
ducted on  different  areas,  with  different  crops,  and  different  fer- 
tilizer treatments,  they  agree  in  showing  somewhat  greater  yields 
with  crushed  limestone  than  they  do  with  slaked  lime,  when  equiva- 
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lent,  but  comparatively  moderate  dressings  at  any  one  time  are  used 
It  is,  perhaps,  worthy  of  remark,  that  neither  of  the  lands  used 
for  the  second  and  third  series  of  experiments,  exhibited  such  de- 
gree of  acidity  as  experiments  elsewhere  in  the  neighorbood  show 
to  suffice  for  clover  failure.  We  do  not  know  what  the  condition  as 
to  acidity  of  the  soil  used  for  the  first  series  was  at  the  time  those 
experiments  were  started. 

Pennsylvania  Pot  Experiments. 

In  pot  experiments^  with  soils  taken  from  the  General  Fertilizer 
jdats,  Gardner  and  Brown  compared  the  growth  of  the  clover  when 
the  soils  were  respectively  treated  with  just  enough  fine  slaked 
lime,  and,  in  a  parallel  series,  with  just  enough  very  finely  pul- 
verized, high  calcium  limestone  to  neutralize  the  acidity  present 
when  the  experiment  began.  The  pots  were  uniformly  seeded  to 
clover  on  July  27th,  and,  when  the  seed  had  germinated,  thinned  to 
a  uniform  stand.  The  first  crop  was  harvested  October  loth,  the 
second  on  March  17th  following.  The  yields  of  48  pots  each  of 
the  slaked  lime  and  crushed  limestone  series,  each  series  representing 
24  soils  that  were  acid  when  the  experiment  began,  were  collectively 
as  follows,  in  terms  of  air-dry  tops,  which  all  contained  about  7 
per  cent,  of  moisture: 


FlrsT  crop  

Second  crop,  ... 

Both  crops. 


Grams. 
375.80 
103.37 


478.17 


Grams. 
364.75 
101.28 

466.03 


There  was,  therefore,  a  very  slight  excess  of  yield  from  the  caustic 
or  slaked  lime  treatments  in  this  case.  In  28  cases  out  of  the  96 
comparisons  afforded  by  the  two  cuttings,  the  superiority  of  yield 
was  where  the  carbonate  had  been  applied,  in  68  cases,  where  the 
slaked  lime  was  applied.  .  , 

The  air-dry  roots  of  these  crops  weighed: 

Grams. 

Unlimed,    92.69      ' ' 

Slaked  lime,    111.82 

Crushed  limestone,    100.04 


'-See  also  p.  113. 
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That  is,  the  proportion  of  root  to  top  was  not  very  different  under 
the  two  treatments. 

Maryland  Experiments. 

H.  J.  Patterson^  made  field  experiments*  with  rotation  of  crops,  in 
which  1,400  pounds  an  acre  of  caustic  lime  and  dressings  of  chemi- 
cally equivalent  weights  of  carbonate  of  lime  were  used  at  the  be- 
ginning of  the  trial.    The  yields  obtained  in  11  years  were: 


None  

Caustic  lime  from  stone,  a, 
Caustic  lime  from  shells,  a, 
Carbonate  as  ground  shells. 
Carbonate  as  shell  marl,  ... 

a — Prom  two  plats. 

Both  kinds  of  dressings  were  beneficial  to  the  crops,  but  the 
yields  with  carbonate  exceeded  those  with  caustic  lime.  It  is  un- 
certain, however,  how  far  soil  variation — which  was  not  fully  checked 
against— has  determined  these  results. 

New  Jersey  Experiments. 

Voorhees,  Lipman  and  Brown^  compared  the  values  of  caustic  and 
carbonate  limes,  in  the  form  of  oyster  shells,  burnt  and  ground,  on 
two  soils,  in  boxes,  cropped  with  oats  and  crimson  clover  in  suc- 
cession. Soil  I  was  a  sandy  loam  trucking  soil,  with  nitrogen  as 
its  dominant  fertilizer  factor;  soil  II,  a  poor  red  shale  soil.  Nothing 
is  said  as  to  the  acidity  of  these  soils,  nothing  concerning  the  fineness 
of  the  ground  oyster  shells  used.  The  two  lime  compounds  were, 
however,  applied  in  quantities  of  nearly  exact  chemical  equivalence. 
The  authors  conclude:  "The  carbooate  led  to  the  production  of  more 
dry  matter,  more  nitrogen  and  more  ash  than  did  the  burnt  lime." 
This  generalization  is  based,  however,  upon  averages  representing 
many  differences  in  treatment,  magnesian  and  non-magnesium  lime, 
and  both  soils  and  crops.  For  the  purposes  of  this  present  dis- 
cussion, let  us  confine  our  attention  to  the  yields  of  dry  matter  and 
the  treatments  with  non-magnesium  lime  compounds,  carbonate  and 
caustic.    These  yields  are  as  follows : 

^Md.   Agrl.   Expt.   Stat.     Quoted  by  Hopkins— "Soil  Fertility  and  Permanent 
Agriculture,"  pp.  167-8. 
^'N.  J.  Agric.  Expt.  Sta.,  Bulletin  No:  210, 


Corn. 


Bus. 

9S 
128 
12S 
US 
145 


Wheat 


Bus. 


Hay. 


Tons. 
2.60 
S.OO 
3.82 
3.97 
4.29 
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YIELDS  OF  DRY  MATTER:  GRAMS  PER  BOX. 


Ground  Oyster  Shells.      Burned  Oyster  Shells. 


Soil  I. 

Oats: 

Without  fertilizer, 
With  fertilizer,    . . 

Crimson  Clover: 

Without  fertilizer. 
With  fertilizer,    . . 

Soil  II, 

Oats: 

Without  fertilizer. 
With  fertilizer,  .. 

Crimson  Cloyer: 

Without  fertilizer, 
With  fertilizer,  . . 


29 

3?  I 

4i 
72 


47 
49 


52 


2f 
4?  ! 


51  i 
7f 


64 


29 


52 
69 


13 
26 


37 
57 


On  Soil  I,  lime  compounds  without  fertilizer  resulted  in  an  in- 
creased oats  yield  in  three  cases  out  of  four;  with  fertilizer,  in  all 
four  cases.  In  the  case  of  crimson  clover,  without  fertilizer,  in 
a  decrease  of  yield;  but  with  fertilizer,  in  an  increase  of  yield  in 
three  cases  out  of  four. 

On  Soil  II,  the  lime  compounds  without  fertilizer  were  attended 
with  no  gain  of  oats,  and  in  a  slight  loss  in  three  cases ;  with  f er. 
tilizer,  in  a  slight  increase  in  two  cases  out  of  four.  In  the  case 
of  crimson  clover,  without  fertilizer,  in  a  gain  with  carbonate,  a 
slight  loss  with  burnt  lime;  with  fertilizer,  in  two  gains  and  two 
slight  losses,  but  the  gains  in  this  case  were  with  one  carbonate 
i'nd  one  oxid  treatment. 

From  the  lack  of  definite  relationship  of  these  lime  dressings  to 
the  lime  requirements  of  the  soils  treated ;  the  lack  of  duplication  of 
the  respective  detailed  treatments;  and  the  lack  of  logical  relation- 
ships between  the  variations  noted,  it  is  very  doubtful,  as  the  authors 
suggest,  whether  the  conclusions  drawn  from  a  comparison  of  the 
averages  is  entirely  trustworthy,  so  far  as  the  crop  yields  are  con- 
cerned. A  study  of  the  yield  effects  of  the  carbonate  and  oxid  of 
the  magnesium  limestone  is  likewise  indecisive. 

Rhode  Island  Experiments. 

Adams,^  discussing  the  results  of  co-operative  experiments  with 
fertilizers,  accompanied  or  not  by  lime  compound  dressings,  said.— 


'R.  I.  Agr.  Expt.  Stat.,  Bull.  Nb.  121,  p.  1/5. 
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"Hydrated  lime  often  works  au  injurious  effect  upon  certain  crops, 
when  grown  upon  the  lighter  soils,  if  applied  immediately  before  the 
seed  is  sown,  even  though  the  soil  reddens  blue  litmus  paper.  This 
caustic  action  upon  the  roots  of  young  plants  is,  however,  only  tem- 
porary, as  shown  by  the  benefit  derived  from  liming  by  crops  the 
seed  for  which  was  sown  a  few  weeks  after  applying  the  lime.  No 
appreciable  difference  was  noted  in  the  benefit  derived  from  an  ap- 
plication of  the  same  quantity  of  calcium  oxid,  whether  in  the  form 
of  ground  limestone,  or  in  hydrated  lime."  The  number  of  such 
The  same  Station  has  recently  announced,  through  a  bulletin  of 
comparisons  recorded  in  the  bulletin  is  very  small, 
its  Extension  News  Series,  the  following  results  of  a  comparison 
made  on  an  acid  soil  treated  in  1913  with  equivalent  quantities  of 
crushed  limestone  finer  than  1-80  inch,  and  of  slaked  lime  produced 
from  the  same  limestone.  The  crops  were  mangels  (1913)  and  car- 
rots (1914) ,  both  heavily  dressed  with  complete  fertilizer.  The  yields, 
in  pounds  per  plat,  were : 


Mangels. 
1913. 

Carrots. 
1914. 

Lbs. 

m 

389 
364 

Lbs. 

175 
BS3 
573 

In  this  case,  the  effects  of  the  two  calcareous  dressings  were  prac- 
tically equal. 

Ohio  Experiments. 

Thorne^  describes  an  experiment  in  which  the  effects  of  application, 
of  equal  weight,  of  ordinary  quicklime  and  hydrated  lime  upon  the 
yield  of  the  immediately  following  wheat  and  clover  were  measured. 
No  difference  in  values  was  observed.  In  neither  case  did  the  dress- 
ing increase  the  wheat  yield,  and  the  effect  upon  clover  was  small. 
In  other  words,,  the  conditions  were  not  most  favorable  for  a  display 
of  differences  of  these  lime  dressings,  if  there  are  any. 

Other  Experiments. 

The  use  for  soil  amendments,  of  chalk  and  ashes, — all  of  them 
chiefly  carbonate  of  lime— are  probably  as  old,  if  not  older  than  the 
use  of  burnt  lime,  and  there  have  been  numerous  comparisons  of  the 
two  classes  of  lime  compounds,  caustic  and  carbonate,  to  determine 
their  comparative  values.  Unfortunately,  these  dressings  have  been 
used  without  the  observance  of  any  definite  relation  to  the  acidity  of 

'Ohio  Agl.  Expt.  Stat.,  Bull.  No.  159,  pp.  187-8.  '  ' 
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the  soils  treated,  and  likewise  without  the  maintenance  of  a  chemical 
and  physical  equivalence  between  the  dressings  compared.  Where 
such  care  is  not  observed,  the  value  of  the  results  is  not  very  great. 

We  may,  however,  obtain  some  sidelights  from  a  brief  consideration 
of  some  of  the  experiments,  old  and  new. 

The  crushing  of  limestone  to  fit  it  for  a  soil  dressing  is  not  new. 
Loudon^  savs:  "The  effect  of  powdered  limestone— as  a  manure-is 
so  much  inferior  to  burnt  lime  that  they  have  long  since  been  laid 
aside."  We  do  not  suppose  the  pulverization  with  the  machines  m 
use  in  and  before  his  time,  was  very  complete. 

Heinrich,^  in  pot  experiments,  compared  the  yields  of  alfalfa  and 
peas  obtained  after  dressings  with  caustic  lime  and  various  well  pul- 
verized carbonates.  The  yields  with  the  former  were  intermediate 
between  those  with  the  various  carbonates. 

The  same  investigator^*  made  another  series  of  studies  to  determine 
the  effects  of  various  fertilizers  and  amendments  upon  the  organic 
development  of  clover.  The  notices  available  of  this  experiment  give 
no  details  as  to  the  conditions  or  kind  of  soil  used,  nor  of  the  physical 
condition  of  the  calcium  carbonate.  The  latter  was  applied  in  double 
the  amount  of  the  caustic  lime,  that  is,  so  as  to  contain  an  about 
equal  amount  of  calcium  oxid.  The  results  stated  are : 


Untreated. 


Clover  in  crop,  . 
Weeds  in  crops, 

Parts  of  Clover: 

Stem,   

Leaves  

Heads,   


Per  cent. 

43.0 
57.0 


32.0 
53.8 
14.2 


Oxid. 


Per  cent. 

95.5 
4.5 


45.3 
37.1 
17.6 


Carbonate. 


Per  cent. 

95.1 
4.9 


40.6 
46.3 
13.1 


Both  forms  of  lime  greatly  increased  the  proportion  of  clover  to 
weeds  and  in  about  the  same  measure.  Both  decreased  the  leaf  pro- 
portion; both  by  increasing  the  stem,  and,  the  oxide,  the  heads. 
Nothing  is  said  about  the  crop  weights  obtained. 

P.  Bissler*  relates  the  results  of  experiments  on  nine  sandy  soils, 
cropped  with  rye  or  wheat,  fertilized  with  a  complete  fertilizer,  and 
divided  into  three  divisions:  (1)  Unlimed;  (2)  Treated  with  1,200 
kg.  a  hectare  (1,080  lbs.  an  acre)  of  good  lime;  (3)  Treated  with  6,000 
kg.  a  hectare  of  commercial  marl.  The  average  yields  obtained  were 
(in  kilograms  a  hectare)  :   

^Eneyclopaedift  of  Agriculture,  §387.  ,   ,  ,     ■  , 

"Mergel  u.  Mergeln,  23. 

'Neue.  landw.  Zeitung,  1873,  9. 

*Pomm.  landw.  Wochenschr . ,  1900,  307. 
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Grain  

Straw  

Total, 


Unferti- 
lized. 


Kgs. 


1,-105 
3,024 


,429 


O.xid. 


Kgs. 

1,517 
3,236 

4,753 


Marl. 


Kgs. 

1,497 
3,208 

4,896 


The  differences  in  gain  from  the  two  amendments  are  slight,  the 
oxid  giving  the  larger  proportion  of  grain  yield;  the  carbonate,  the 
larger  straw  yield.  The  actual  gains  in  weight  were  too  small  to  war- 
rant the  attaching  of  much  significance  to  these  differences. 

Hardt^  in  a  study  of  the  oxid  as  compared  with  the  carbonate  in  the 
form  of  marl,  both  applied  in  equivalent  amounts  (at  the  rate  of  2,200 
pounds  of  oxid  an  acre)  to  a  heath  soil  under  a  5-course  rotation, 
with  legumes  every  year,  found  both  very  effective  and  highly  profit- 
able, but  obtained  the  larger  yields  from  the  marl. 

May-  compared  the  efl^ects  of  burnt  lime  and  crushed,  soft  coral 
limestone  upon  sugar-cane  grown  on  wet  swamp  land.  Botli  dress- 
ings were  applied  at  the  rate  of  5  gallons  per  hill— so  that  the  dress- 
ings were  probably  not  chemically  equivalent.  The  yields  were  (in 
tons  of  cane  to  the  acre)  : 

Untreated,    •  '^Ti'^A 

Lime,  ici 

Limestone,  39'g 

A  writer^  in  the  CJiemiker  Aokersmann,  speaking  of  general  ex- 
perience in  the  use  of  burnt  lime  as  compared  with  marl  in  the  im- 
provement of  bog-lands  in  Pommerania,  states  that  the  latter  always 
gives  the  superior  action.  No  detail  is  given  by  the  writer  to  make 
possible  a  judgment  as  to  the  strictness  of  the  comparison. 

Porter,  Gant  and  Milburn*  describe  tlie  comparative  effects  of  cob- 
lime  (kiln-lime),  ground  lime  and  ground  limestone  as  top-dressings 
for  various  pastures,  with  and  without  manure.  Where  benefit  re- 
sulted, it  was  said  to  have  been  most  economically  obtained  by  use 
of  the  ground  limestone.  The  abstracts  at  the  writer's  command  do 
not  give  the  crop  yields  obtained,  nor  describe  the  physical  differences 
iiud  prices  of  the  dressings. 

M.  Hoffman^^  gives  the  results  of  79  experiments  upon  150  farms  in 
seventeen  regions  of  the  German  empire.  The  experiment  was  car- 
ried out  on  a  five-course  rotation.  In  most  cases,  burnt  lime  was 
beneficial.  On  light  soils,  poor  in  humus,  and  in  dry  seasons,  the 
carbonate  was  superior  to  the  quick-lime. 

^Deutsche  Idw.  Presse,  32  (1905),  25.3-2,54  ^  

^Porto  Riro  AgrL  Expt.  Stat.,  Bull    No  9 
V.  S.,  1896,  p.  99.  '  ■ 

leS'Nos.STif  22^""°'''''''  Committee,  Agr.  Dept.,  Farmers'  Bul- 

'Arbeiteii,  d.  landw.  Gesellschaft,  1905,  No.  106. 
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THE  IMPORTANCE  OF  FINE  SUBDIVISION  OF  CRUSHED  LIMESTONE 
USED  FOR  SOIL  NEUTRALIZATION. 

Burned  lime,  whether  rough  slaked,  carefully  hydrated,  or  ground 
without  previous  slaking,  is,  for  the  most  part,  reduced  to  a  very  fine 
powder;  but  ground  limestone  of  greatly  different  conditions  of  fine- 
ness has  been  placed  upon  the  market. 

It  is  the  result  of  observation  upon  a  great  variety  of  substances, 
as  respects  the  relation  of  the  degree  of  sub-division  to  their  quickness 
of  solution  and,  therefore,  of  effect  where  solution  is  a  p re-requisite, 
that  the  finer  they  are  the  more  promptly  they  act.  Such  increase  in 
effect  is  especially  notev/orthy  in  the  case  of  substances  that,  like  lime- 
stone, are  not  very  soluble  in  the  liquids  with  which  they  are  in  con-  _ 
tact,  under  the  conditions  of  the  use  in  question. 

It  is  readily  seen  that,  in  attacking  a  compact  solid,  the  liquid  can 
act  only  upon  the  outer  parts  of  the  solid.  Hence,  the  greater  sur- 
face a  given  weight  exposes  to  the  solvent,  the  more  rapidly  will  the 
solid  be  dissolved.  For,  even  by  so  slight  a  change  as  the  reduction 
of  a  cube  to  small  cubes  of  one-half  the  original  length  a  side,  the 
combined  surfaces  of  the  smaller  cubes  have  an  area  twice  as  great 
as  that  of  the  original  cube;  and  of  cubes  having  sides  of  lengths  as 
1:10,  both  being  of  the  same  material  and  taken,  the  smaller  ones 
in  the  number  that  could  have  been  produced  by  sub-dividmg  the 
larger,  they  would  have  total  surfaces  as  10 :1,  or  the  converse  of  the 
ratios  of  their  diameters. 

Of  course,  stones  differing  in  compactness  and  purity,  cannot  be 
compared  solely  with  respect  to  their  fineness. 

The  question  at  issue  is  whether  these  theoretical  arguments  for 
fine  division  of  ground  limestone,  are,  after  all,  of  practical  import- 
ance under  soil  and  cropping  conditions.  The  most  careful  studies  of 
this  subject  are  here  brought  together.      .  .  .       ;   .  .  .  •  . 

Pennsylvania  Experiments. 

Mr.  Walter  Thomas,^  in  collaboration  with  the  writer,  conducted 
a  series  of  pot  experiments  with  crushed  limestone  of  differing  degrees 
of  fineness  applied  to  two  soils,  planted  to  clover.  The  soils  were : 
A,  a  portion  taken  from  Plat  32,  General  Fertilizer  Series,  which  has, 
for  many  years,  received  biennial  dressings  of  a  complete  fertilizer 
with  sulphate  of  ammonia  as  its  source  of  nitrogen;  B,  a  portion  of 
soil  of  the  same  general  type,  from  a  run  down  pasture  on  the  Mit- 
chell Farm.  Neither  of  these  soils  had  been  limed  for  many  years, 
A  had  a  lime  (CaO)  requirement  ( Veitch)  of  3,200  pounds  an  acre — 
7  inches ;  B,  of  1,500  pounds.  The  soils  were  uniformly  packed  into 
parafinned  wire  baskets  of  5|  inches  diameter  and  5f  inches  depth, 
after  having  been  well  mixed  with  just  sufficient  limestone  to  satisfy 

~Report  Penna.  State  College  AgrL  Expt.  Station,  1912-1913,  pp.  206-219. 
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the  lime  requirement.  The  limestone  used  was  from  the  Trenton  bed, 
crushed  and  sifted  so  as  to  separate  the  particles  of  diiferent  degrees 
of  fineness.  The  composition  of  the  different  grades  was  found  to 
vary  somewhat,  the  coarser  particles  holding  the  more  iron  and  alumi- 
na. The  calcium  carbonate  increased  from  95.06  to  97.19  per  cent.; 
the  magnesium  carbonate  from  0.54  to  0.95  per  cent. 

The  soil  was  brought  to  its  moisture  optimum  (about  19  per  cent.) 
before  the  mixing  and  filling,  and  held  at  about  that  degree  by  fre- 
quent weighings  and  water  additions  to  make  up  for  evaporation  loss. 
The  pots  were  seeded  with  an  equal  number  of  clover  seeds,  and,  when 
the  latter  had  vegetated,  the  stand  was  thinned  to  fifty  plants  uni- 
formly distributed.  To  guard  against  individual  variation,  three  pots 
were  used  for  each  treatment  of  Soil  A ;  four  for  each  of  Soil  B. 

The  experiment  was  continued  for  8.5  months,  the  first  six  weeks 
on  a  stand  in  the  open  air,  but  covered  with  a  canvas  screen  during 
the  night  and  in  rainy  weather;  the  remaining  weeks,  on  a  bench 
in  a  green  house  of  45°-60°  F.  temperature.  In  the  latter  place,  they 
were  somewhat  attacked  by  the  green  aphis  and  red  spider,  but  pro- 
tected from  serious  injury  by  remedies  whose  application  had  no  di- 
rect effect  upon  the  clover  growth. 

Two  weeks  after  sowing,  the  sickly  seedlings  in  the  untreated  pots 
of  Soil  A,  died.  Owing  probably  to  the  lateness  of  the  season  when 
the  experiment  began,  the  plants  grew  very  slowly  in  the  open  air. 
On  November  3,  when  the  pots  were  removed  to  the  greenhouse,  the 
growths  were  not  longer  than  1.5  inches  above  the  soil,  and,  in  case  of 
the  two  coarser  treatments,  had  only  half  that  height  and  a  greenish 
yellow  color. 

At  the  conclusion  of  8.5  months  after  seeding,  the  yields  were  har- 
vested and  air-dried.  The  air-dry  crops  (with  7.5  per  cent,  of  residual 
moisture)  weighed  as  follows: — 

WEIGHT  OF  AIR-DRY  CLOVER  TOPS  (GRAMS). 


Treatments. 


Untreated,   

Limestone,  1/20  to  1/40  inch. 
Limestone.  1/40  to  1/60  inch. 
Limestone,  1/60  to  1/80  inch. 
Limestone,  1/80  to  1/100  inch, 
Limestone,  finer  than  1/100  inch, 


Soil  A. 
(Plat  32.) 


None,  , 


1    0.47,'  0.79)0.58 
'     0.49*  J 
2.15,  8.34)2.87 
3  12  f 
3.'64,  4.65  )  3.70 
2.89t  J 
4.87,  4.99)  4.60 
3.94  ( 
5.10,  4.65)4.86 
4.84  S 


Soil  B. 
(Mitchell  Farm.) 


1.84,  1.521 
1.39,  1.62; 


2.0'7, 
1.8 


1.98] 
2.261 


1.92,  2.17 

2.40,  2.15 

2.m,  2.48  ; 

2.m,  2.25) 


2.19, 
2.15, 


2.401 
2.20 


2.00,  2.80  1 
2.29,  2.44  ( 


1.59 

2.03 


2.16 
2.22 


2.23 
2.38 


The  individual  pots  of  the  same  treatments  showed  considerable 
differences  in  yield,  but  in  the  case  of  the  highly  acid  soil  A,  there  was, 
nevertheless,  a  quite  steadily  progressive  increase  of  yield  as  the  lime- 
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stone  used  was  the  more  finely  divided  The  discrepancies  are  di- 
minished if  we  reject  the  yields  marked  with  the  asterisk  and  dagger, 
the  former  from  a  leaky  pot,  the  latter  from  a  pot  with  deficient  stand 
of  clover  The  yields,  after  rejection  of  these  defective  cases,  have  the 
ratios  0:1.0:5.4:7.0:7.7:8.1,  as  we  proceed  from  the  coarsest  to  the 
finest  grades  of  limestones  here  represented.  .  .. 

In  the  case  of  the  run-down  soil  B,  an  increasing  yield  with  greater 
fineness  of  stone  appears,  but  much  less  markedly.  The  soil  was  of 
just  about  that  degree  of  acidity  at  which  we  observe  the  pronounced 
acid  injury  to  clover  on  this  soil.  Furthermore,  the  low  crop  yield, 
relative  to  that  of  Soil  A,  shows  that  acidity  was  not  the  factor 
chiefly  determining  growth.  Probably  some  fertilizer  element  was 
lacking.  With  such  lack,  and  with  acidity  not  greatly  developed,  we 

should  expect  less  gain  from  liming,  and  very  slight,  if  any  differences 

to  result  from  variation  in  the  fineness  of  the  carbonate  used. 
The  facts  warrant  us,  therefore,  in  regarding  the  crop  behavior  on 

Soil  A  as  probably  suited  to  answer  our  question. 

Another  series  of  experiments,  with  Soil  A,  but  with  larger  pots 

and  for  a  much  longer  period  is  now  in  progress,  conducted  by  Mr. 

J.  W.  White.   The  final  results  cannot  be  reported  for  some  time,  but 

during  18  months  of  experiment,  the  relations  found  in  Mr.  Thomas's 

experiment  continue  to  be  maintained.  , 

Rhode  Island  Experiments. 

The  Khode  Island  Experiment  Station  has  very  recently  published 
in  a  bulletin  of  its  Extension  News  Service,  the  early  results  of  an 
experiment  upon  this  subject.  The  acid  soil  was  treated  with  the 
several  calcareous  amendments  in  equivalent  amounts  and  cropped 
with  mangels  in  1913,  with  carrots  in  1914,  both  crops  receiving  large 
amounts  of  complete  fertilizer.  The  yields  obtained,  in  pounds  per 
plat,  were: — 


Mangels, 
1912. 

Carrots, 
1914. 

Lbs. 

Lbs. 

107 

175-. 

Limestone  sif tings: 

,  138 

314 

 :  ..;.20t 

;     ,  -  463 

389 

563 

;:279 

470 

The  material  coarser  than  1-20  inch  had  little  effect  the  first  year ; 
considerable,  the  second.  Whether  this  is  due  to  the  increase  in  avail- 
ability of  the  coarse  limestone  or  to  the  difference  in  the  crop,  is  not 
clear.  The  increase  in  the  effect  with  the  reduction  in  the  size  of 
the  limestone  siftings,  is  pronounced  in  each  case.  :  ::.v.;.^ 
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Experiments  Elsewhere. 
Heinrich/  some  years  ago,  studied  this  subject,  using  peas  and  al- 
falfa as  his  crops,  a  lime-poor  sandy  soil  in  pots  as  his  culture  me- 
dium, adding  to  it,  in  all  cases  of  calcium  carbonate  treatment,  a  basal 
manure  supplying  pJiosphoric  acid  and  potash,  and  using  pulverized 
marble  as  his  lime  carbonate.    His  yields,  taking  the  highest  as  100 


were : 


Untreated  

Basal   fertilizer  alone,   

Fertilizer  and  marble,  (2-1.5  mm.  '  =  '  vVo'-S/'-SO 'in  ) ' ' ' 
lertihzer  and  marble,  (1.5-1.0  mm.  =  3/50-D/50  in')' 
Fertilizer  and  marble.  (1.0-0.5  mm.  =  2/50-1/50  in)' 
Fertilizer  and  marble,  (Less  than  0.5  mm.  =  1/50  in.) 

The  value  of  the  limestone  increased  Avith  fineness  down  at  least 
to  1-25  inch  in  the  case  of  alfalfa;  to  1-50  inch,  with  peas  on  this 
soil. 

Voelcker^  compared  the  effects  of  coarse  ground,  with  those  from 
flue  ground  limestone  on  an  acid  soil  at  Woburn,  England,  and  found 
the  finer  material  distinctly  the  superior. 

Brehmer=^  compared  the  action  of  fine  ground  marl  with  that  of 
ordinary  marl  on  various  crops  in  pots.  He  found  the  alkaline  action 
of  the  marl  considerably  increased  by  the  grinding,  but  obtained  even 
better  results  with  a  mixture  of  caustic  lime  and  the  carbonate. 

Gerlach,*  from  the  results  of  pot  experiments,  is  led  to  support  the 
conclusion  of  Baessler,  that  the  solubility  of  the  calcium  carbonate  in 
marl  depends  upon  the  proportion  of  the  carbonate  it  contains  and 
upon  the  fineness  of  the  crude  product.  He  recommends  that  marl  be 
of  such  fineness  that  ninety  per  cent,  of  it  shall  pass  a  0.5  mm,  fl-50 
in.)  sieve. 

H.  Feilitzeu,=^  experimenting  with  barley  grown  on  peat  well  fer- 
tilized, found  that  in  all  cases  slaked  lime  produced  larger  yields  of 
both  grain  and  straw  than  ground  limestone.  With  both  Mnds  of 
lime  dressing,  the  effect  increased  with  the  fineness  of  the  material,' 
with  the  .single  exception  that  slaked  lime  of  0.2-0.5  ram.  (1-50—1-125 
in.)  fineness  was  attended  by  a  higher  yield  than  slaked  lime  of  lels 
than  0.2  mm.  fineness. 

Just  how  far  an  increase  in  the  fineness  of  the  ground  limestone  is 
followed  by  a  crop  increase,  is  yet  unknown.  The  experimental  de- 
tails given  above  suggest  that  the  rate  of  crop  increase  presently  be- 
comes less  after  the  limestone  fineness  reaches  1-60  to  1-80  inch" 

^Mer^el  u.  Mergeln,  29.  '    ~  ~  '~  

'Journal  Royal  Agric.  Societ.y,  71  (1910)  349 
'Illustrirte  landw.  Zeitung,  31  (1911)  8.32. 
^Deutsche  landw.  Presse,  38  (1911)  409. 
"Svenska  Mosskultorfor  Tidskr.,  24  (1910)  95-98 
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H.  Yoyokama/  iu  experiments  with  oats  grown  by  sand  culture,  did 
not  find  that  the  very  finely  divided,  precipitated  chalk  superior  to  fine 
ground  limestone. 

Even  though  the  rate  of  crop  gain  continued  indefinitely  to  parallel 
the  increase  of  fineness  of  the  carbonate,  a  limit  would  soon  be  reached 
for  this  fineness  beyond  which  it  would  not  be  economical  to  go.  For 
the  cost  of  reduction  increases  quite  rapidly  with  tlie  fineness  to  be 
secured. 

Is  Coarse  Limestorie  of  Any  Value  f 

Hopkins  and  other  have  judged  that  the  coarser  limestone  particles, 
even. though  of  slight  immediate  eftect,  would  dissolve  steadily  and, 
within  several  years,  become  efi'ective.  Upon  this  point,  however,  we 
hav«  little  evidence.  •  Experimental  results  obtained  with  pure  lime- 
stone on  the  silty  loam  soil  of  the  Pennsylvania  Station  indicate 
no  considerable  efficiency  for  the  coarse  material  after  a  year  and  a 
half.  It  is  entirely  probable  that  a  porous,  impure  limestone  will 
break  down  more  rapidly  than  a  compact,  pure  stone,  because  such 
is  the  case  with  massive  rocks  differing  thus  in  texture  and  purity. 

In  the  absence  of  definite  experimental  evidence  as  to  the  rate  at 
which  the  coarser  limestone  particles  come  into  activity  in  a  sour  soil, 
the  writer's  judgment  has  been  much  influenced  by  the  observations  of 
A.  Bernard,^  in  his  studies  upon  the  influence  of  calcium  carbonate 
in  excess  upon  the  chlorosis  of  the  vines.  Although  this  writer  dealt 
with  a  condition  the  precise  opposite  of  that  in  which  we  are  now 
interested,  doubtless  the  same  principles  will  tend  to  govern.  He 
found  that  in  order  to  judge  as  to  the  probability  of  chlorotic  tend- 
ency between  two  soils  having  a  like  total  percentage  of  carbonate, 
it  was  necessary  to  distinguish  between  the  states  of  sub-division  of 
the  carbonate,  even  in  the  fine  soil ;  and,  as  the  result  of  his  very  wide 
investigation  upon  the  physical  and  chemical  composition  of  the  soil, 
and  the  related  tendency  to  disease  of  the  vine,  he  concluded :  "The 
action  of  calcium  carbonate  depends  especially  upon  its  degree  of  fine- 
ness.  We  cannot  rejteat  it  too  often." 

The  results  of  the  foregoing  experiments  do  not  cover  a  sufficient 
varietj'  of  crops  and  conditions,  nor  sufficiently  long  periods  of  ob- 
servation, to  warrant  final  conclusions  upon  the  subject  here  dis- 
cussed. They  do,  however,  support,  for  present  guidance,  the  judg- 
ment that  the  availability  of  the  limestone  during  the  year  or  two 
immediately  following  its  application,  increases  with  its  fineness  up 
to  a  limit  not  yet  ascertained;  that  the  limestone  coarser  than  1-60 
inch  is  relatively  of  little  effect  ;  and  that  the  value  of  a  crushed  lime- 
stone for  agricultural  use  should  be  judged,  as  to  fineness,  chiefly 
by  the  proportion  of  the  siftings  that  are  of  that,  or  greater  fineness. 

Mour.  Coll.  Agr.  Impprini  Univ.  Tokyo,  2  flW)  1SMS2.  ~~ 
-Le  Calr-aire,  nS92)  Chapter  II.    Sep  also  Treitz..   Comptes  renilus  dp  la  pre- 
miere conference  international  agrogeologique,  Budapest,  1909,  273. 
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IS  THERE  ANY  GAIN  PROM  ADDITION  OF  LIME  BEYOND  THE  SOIL'S 

LIME  REQUIREMENT? 

This  question,  in  another  form,  is :— "Is  it  better  to  use  enough  lime 
to  make  a  distinctly  alkaline,  rather  than  a  merely  neutral  soil?" 

The  first  question  subordinate  to  this  relates  to  the  effect  of  such 
additional  alkalinity  upon  crop  yields.  The  answer  must  depend 
upon  the  nature  of  the  crop,  and  probably  in  some  degree  upon  the 
character  of  the  soil.  Where  crops  tend,  during  growth,  to  make 
soils  distinctly  acid,  it  might  be  expected  that  some  excess  of  alka- 
linity in  the  soil  would  be  helpful.  Although  liming  experiments 
liave  been  made  by  hundreds,  there  are  few  suited  to  give  a  definite 
answer  to  this  query,  chiefly  because  the  liming  has  rarely. been 
closely  correlated  to  the  degree  of  acidity  of  the  soil. 


-        Pennsylvania  Experiments. 

The  Pennsylvania  Station  has  made  several  experiments  that  throw 
some  light  on  this  question  as  it  relates  to  common  red  clover. 

Gardner  and  Brown,^  in  their  pot  experiments  upon  liming  the  soil 
of  the  several  plats  of  the  General  Fertilizer  Series,  with  clover  as 
the  crop,  compared  the  effects  of  using  slaked  lime  and  carbonate  of 
lime  in  the  quantities  indicated  by  the  Veitch  determinations  of 
acidity,  as  compared  with  the  carbonate  in  one  ton  greater  amount. 
It  will  be  recalled  that,  in  these  experiments,  clover  showed  a  pro- 
nounced tendency  during  growth  to  make  the  neutral  soils  acid. 
The  results,  in  all  cases  obtained  by  duplication  of  treatments,  are 
condensed  in  the  following  table: 


Number  of  platF 
in  the  average. 

Average  lime 
requirement. 
Lbs.  per  A. 

Relatife  Weights  of  Green  Crops. 

Dniimed. 

Slaked 
lime,  Veitch. 

Carbonate  of  Lime. 

Veitch. 

Veiteh  +  IT. 

121 
13 
6  ■ 
4 

None 
190 
843 

1,395 

100 
100 
100 
100 

103 
110 
131 

222 

101 
118 
192 

102 
115 
197 

This  experiment  favors  the  use  for  clover  of  somewhat  more  lime 
than  IS  required  exactly  to  neutralize  the  soil.  The  period  of  growth 
was  eight  months.  The  weight  of  the  two  crops  harvested  from  the 
pot  areas,  was  equivalent,  weight  for  weight  of  soil,  to  a  crop  of  48  - 
OOP  pounds  an  acre-foot,  an  amount  much  greater  than  is  commonly 
'Report  Penna.  State  College  Agri.  Expt.  Station,  1910-11,  pp.  20-76.  ~^  
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obtained  under  field  conditions.    The  soil  acidity  developed  in  the 
pots  may  therefore  exceed  the  normal,  and  the  benefits  of  extra  liming  . 

be  unusual  in  degree. 

Later  pot  experiments  by  J.  W.  White/  with  common  red  clover 
and  sorrel  (OxaUs  Acetosella)  on  the  Soil  of  Plat  32,  included  a  wide 
ran<^e  of  variations  in  the  quantities  of  lime  applied.  Starting  with  a 
sample  of  soil  having  a  lime  requirement  of  2,913  pounds  (equivalent 
to  5  200  pounds  of  calcium  carbonate)  an  acre— 7  inches,  the  growth 
of  clover  was  markedly  improved  when  the  acidity  was  reduced  to- 
883-1  3'^4  pounds  (CaO)  an  acre;  the  maximum  yield  was  obtained 
when  the  application  was  2,200  to  3,400  pounds  (CaO)  in  excess  of 
the  amount  required  for  soil  neutralization,  and  still  heavier  applica- 
tions led  to  a  decrease  in  crop  yield. 

With  sorrel,  on  the  other  hand,— a  plant  commonly  regarded  as  cal- 
cifuge  or  lime-avoiding— the  behavior  was  very  different.  With  a  soil 
acidity  of  more  than  2,240  pounds  per  acre,  clover  died,  but  sorrel 
grew  though  with  difficulty;  but  with  an  excessive  alkalinity  up  to 
the  experimental  limit  of  5.6  tons  (CaO)  beyond  the  neutral  point, 
sorrel  gave  increasing  crop  gains.  Pots  receiving  1,120  pounds  (CaO) 
in  excess  of  neutrality  were,  both  when  cropped  with  clover  alone, 
or  with  clover  and  sorrel  mixed,  slightly  acid  at  the  close  of  the  ex- 
periment; but  under  sorrel  alone,  remained  alkaline;  with  only  840 
pounds  (CaO)  excess,  sorrel  left  the  soil  acid  at  the  time  it  was  har- 
vested. '  J.        '  A 

In  the  field  experiments  reported  by  Gardner,^  those  of  the  second 
and  third  series  afford  comparison  of  the  effects  of  dressings  greater 
than  are  required  for  neutralization  upon  rotation  crops  through 
several  years.   In  two  series,  a  slight  excess  of  exposed  lime  (Plats  1 
and  4,  compared  with  plat  3)  resulted  apparently  in  a  slight  crop 
increase;  a  corresponding  excess  of  carbonate  of  lime  (Plat  5  as 
compared  with  Plat  6)  a  somewhat  greater  loss;  a  larger  excess  of 
unslaked  lime  (Plat  8)  in  still  greater  gain  than  in  the  case  of  Plats 
1  and  4  compared  with  Plat  3.   In  the  third  series,  a  moderate  excess 
of  exposed  lime  (Plats  1  and  4  as  compared  with  Plat  3)  gave  less 
crop;  still  greater  excesses  (Plat  8  vs.  7,  and  11  vs.  10)  also  gave 
smaller  crops;  a  moderate  excess  of  carbonate  of  lime  (Plat  5  vs.  6) 
no  considerable  gain;  still  greater  excesses  (Plats  9  and  12,  vs.  Plat 
6),  decided  losses. 

Maryland  Experiments.  ■ 

Veitch^  observed  that  "  the  plats  partially  and  completely  neutral- 
ized at  the  Maryland  Experiment  Station  have  generally  shown  (the) 

i.Ib.,  1912-13,  in  press. 

Sur.^of  cLm.,  IT.  S.  D.  A.,  Bull.  No.  90,  21st  Proc.  A.  O.  A.  C,  p.  184. 
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higher  yields  on  the  completely  neutralized  plats.    This  is  particu- 
larly true  of  red  clover,  where  this  year  (1904),  from  equal  areas  on 
.  the  several  plats,  the  following  weights  were  obtained: 


Plat  No. 

Lime  applied,  Bus. 

Soil  Reactiou. 

Yield,  Grams. 

1  

10 
20 
0 
30 
40 
50 
60 

Acid 
Acid 
Acid 
Acid 
Alkaline 
Alkaline 
Alkaline 

7 
7 
4 
27 
28 
6:J 
72 

7   ^ 

The  increased  yield  of  some  of  the  crops  has  not  been  economically 
obtained,  though  the  average  increase  has  been. 

The  same  investigator^  reports  the  results  of  experiments  with 
red  clover,  alfalfa  and  cow  peas  grown  on  a  long  uncultivated  soil 
with  a  native  vegetation  composed  chiefly  of  beiit  grass  with  some 
stunted  golden  rod  and  wild  vetch,  and  having  an  acidity  of  800  parts 
per  million  (1,600  lbs.  per  acre— 7  inches)  by  the  Veitch  method,  or 
328  parts  per  million  by  the  Hopkin's  method.  The  land  was  di- 
vided into  five  plats,  all  of  which  received  equal  and  abundant  sup- 
plies of  nitrogen  (as  nitrates),  potash  and  phosphoric  acid;  and  were 
severally  given  the  lime  treatments  stated  below.  These  small  plats 
were  then  divided  into  equal  sub-plats  planted  respectively  to  red 
clover,  alfalfa  (inoculated)  and  cow  peas.  All  these  operations  were, 
unfortunately,  carried  out  in  one  day.  At  planting,  the  soil  of  Plat 
1  was  the  most  moist;  of  Plat  5,  the  dryest.  Germination  was  most 
forward  on  Plat  1,  the  retardation  being  progressive  to  and  including 
Plat  5.  After  three  weeks,  the  plants  on  Plats  2,  3,  and  4  improved, 
surpassing  Plat  1.  All  the  plants  on  Plat  1  were  yellow  throughout 
the  experiment,  and  the  alfalfa  did  not  grow  beyond  a  height  of  1^ 
inches.  Plants  on  Plat  2  were  decidedly  yellow;  on  Plats  3  and  4 
dark  green.  On  Plat  5,  alfalfa  and  clover  did  not  grow,  appearing 
to  be  "burned,"  and  cow  peas  survived  with  difficulty,  but  finally 
caught  up.  The  lime  treatments  and  crop  yields  (in  dry  weights) 
were  as  follows :  ' 


Treatment. 


Unlimed,   

Lime,  ecjual  to  acidity  b.v' Hopkins'  Metiiod 
Lime,  equal  to  acidit.y  bj  Veitcli  Method 
Lime,  double  No.  3  application  . 
Limp,  four  times  No.  3  application, 


Clover. 
Grams. 


55.0 
120.5 
125.5 
115.5 
9.0 


Alfalfa. 
Grams. 


Oi.O 
33.0 
"22.0 
33.0 

0,0 


*Badly  damaged  b.y  moles  ;  probably  equal  to  I'lats  2  anil  i.  '  ' — 

'Bur.  Of  Cbem.,  U.  S.  D.  A.  Bull.  No.  99  ,  22d  Proc,  A.  O.  A.  C,  118-120. 
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The  soil  liad  been  neutralized  only  to  a  depth  of  four  inches.  This 
may  account  for  the  poor  growth  of  alfalfa.  The  root  modules  of 
clover  and  alfalfa  were  few,  and  apparently  equal  under  all  treat- 
ments; those  of  cow  peas  plentiful  in  all  cases,  but  larger  and  more 
numerous  on  the  limed  plats.  The  roots  of  clover  died  after  harvest 
on  Plats  1  and  2,  but  started  to  grow  again  on  Plats  3  and  4. 

Clover  was  much  improved  by  liming  sufficient  to  reduce  the  acidity 
(Veitch)  to  944  pounds  an  acre — 7  inches;  full  neutralization 
(Veitch)  further  increased  the  yield;  but  large  excesses  proved  in- 
jurious. The  cow  peas  were  helijed  by  liming  to  reduce  acidity  one- 
half;  were  doubled  in  yield  when  full  neutralization  ( Veitch j  was 
effected;  and  were  even  further  increased  by  an  excess  of  lime. 

Other  experiments  upon  lettuce  and  tomatoes  transplanted  to  pots 
filled  with  very  acid  humus  sand,  caused  the  death  of  these  plants 
shortly  after  transplanting,  except  where  enough  lime  had  been  added 
for  full  neutralization.  Succeeding  crops  of  marsh  grass,  weighed 
partially  cured,  gave  yields  of  30,  50  and  85  grams  respectively  on  the 
unlimed,  partly  neutralized,  and  fully  neutralized  (Veitch)  soils. 

GENERAL  OBSERVATIONS  UPON  THE  LIMING  OF  LEGUMES. 

There  have  been  numerous  experiments  during  the  past  sixty  years 
upon  the  effects  of  lime  and  related  soil  amendments  upon  the  various 
cropping  plants.  In  the  absence,  however,  of  clear  conceptions  of  the 
existence  of  soil  acidity,  and  of  its  relations  to  the  growth  of  acid- 
sensitive  plants,  the  facts  as  to  the  reactions  of  the  soils  used  were 
rarely  recorded,  and  there  was  not  often  an  established  relationship 
between  the  acidity  and  the  quantities  of  the  lime  used.  These  ex- 
periments serve,  however,  to  give  some  general  idea  of  the  average 
effecty  of  these  dressings.  For  present  purposes,  only  some  of  those 
in  which  leguminous  crops  were  used  will  here  be  mentioned. 

C.  G.  Hopkins^  observed  that  on  the  gray  silt  loam  soils  from  the 
Illinois  glaciation,  lime,  used  in  proportion  to  soil  acidity,  greatly 
benefitted  the  legTimes. 

Lawes  and  Gilbert,^  in  1855,  applied  dressings  of  manure  and  of 
manure  and  lime  to  land  cropped  that  year  in  red  clover,  followed 
by  fallow  in  1857,  by  barley  in  1858,  and  by  red  clover  in  1859,  no 
further  dressings  having  been  given  after  1855.  They  reported  that 
the  manure  without  lime  greatly  increased  all  these  crops,  that 
the  addition  of  lime  was  attended  by  a  decrease  in  the  yields  of 
clover  and  barley  (1855  and  1858)  ;  but  that,  in  the  fifth  year  after 
the  dressings,  the  clover  yielded  much  more  heavily  on  the  land 
,  that  had  received  lime  with  the  manure,  than  on  that  which  had 
received  only  manure. 

^in.  Expt.  Sta.,  Bulletins  Nos.  88  and  99.  ~  ~ 

^Jour.  Roy.  Agr.  Soe.  England,  5,  21,  178. 
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W.  H.  Stevenson  and  E.  B.  Weston/  in  pot  and  field  tests  upon 
Iowa  soils,  found  little  gain  in  red  clover  from  dressings  of  one  ton 
of  ground  limestone  to  the  acre. 

C.  D.  Woods  and  J.  M.  Bartlett^  report  that,  on  the  Station  Farm, 
dressings  of  lime  (CaO)  in  quantities  of  500  to  1,000  pounds  an 
acre  had  little  effect  upon  oats,  but  increased  the  growth  of  clover. 

H.  J.  Wheeler  and  G.  E.  Adams,'  report  the  impossibility  of  ob- 
taining a  stand  of  red  clover  on  the  granitic  soil  of  that  station  with- 
out the  use  of  wood  ashes,  or  of  lime  as  an  amendment. 

A.  M.  Peter  and  S.  C.  Jones*  found  that  on  the  soil  of  Web,ster 
County,  Kentucky,  a  dressing  of  limestone  very  considerably  in- 
creased the  clover  yield. 

J.  H.  Squires,^  studying  the  effects  of  liming  upon  clover  on  lands 
where  this  crop  had  previously  failed,  found  that  1,500  pounds  of 
lime  (CaO)  to  the  acre  doubled  the  yield  of  mammoth  clover  on 
well  drained  valley  loams,  while  on  light  brown  or  yellow  silt  loam 
with  yellow  or  gray  subsoil,  the  increase  was  50  per  cent.;  that, 
for  medium  clover  and  alsike,  a  combination  of  lime  and  manure  was 
best  on  the  valley  soil,  while  lime  alone  gave  greater  increase  of 
these  crops  than  of  the  mammoth  clover  on  the  upland  soil,  and 
manure  had  relatively  little  effect. 

0.  G.  Williams''  obtained,  with  alfalfa  on  a  sandy  soil,  greater 
yield  increase  from  one  ton  of  lime  (CaO)  than  from  any  other  single 
treatment,  but  no  gain  from  this  treatment  on  a  limestone  soil. 

J.  C.  Billings,''  growing  alfalfa  on  a  variety  of  soils  with  a  lime 
dressing,  found  this  dressings  of  superior  effect  on  Augusta  limestone 
soil  as  compared  with  various  other  soils.  His  experience  led  him 
to  recommend  a  dressing  of  one  ton  of  stone  lime  a  year  or  two 
before  seeding  to  alfalfa,  with  1,200  pounds  additional  to  be  applied 
at  seeding. 

H.  A.  Harding  and  J.  K.  Wilson^  tested  the  effects  of  liming  and 
inoculation  upon  alfalfa  culture.  In  65  tests,  the  two  treatments 
raised  the  success  from  18  to  77  per  cent.  Liming  alone,  by  use 
of  1,500  pounds  of  stone  lime  to  one  acre,  increased  the  successes 
by  25  per  cent. 

L.  A.  Moorehouse  and  W.  L.  Bureson^  did  not  find  that  liming  im- 
proved alfalfa  growth  under  field  conditions  upon  the  lands  of  that 
semi-arid  region;  but,  used  in  pot  experiments  with  bottom  and  up- 
land soils,  lime  was  helpful. 

^lowa  Agr.  Expt.  Stat.,  Bulletin  No.  98^  ~~ 
^Maine  Agr.  Expt.   Station,  Bulletin  No.  167. 
=R.  I.  Agr.  Expt.  Station,  Bulletin  No.  13.5. 
^Kentucky  Agr.  Expt.  Stat.,  Bulletin  No.  162. 
^N.  Y.  Cornell  Agr.  Expt.  Stat.,  Bulletin  No.  264. 
'Ohio  Agr.  Expt.  Stat.,  Circular  No.  49. 
'N.  J.  Agr.  Expt.  Stat.,  Report  190.5,  349-376. 
«N.  Y.  Cornell  Agr.  Expt.  Stat.,  Bulletin  No.  313,  51-75. 
"Oklahoma  Agr.  Expt.  Stat.,  Bulletin  No.  82. 
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M.  F.  Miller  and  C.  B.  Hutchison^  report,  from  alfalfa  experiments 
on  various  Missouri  soils,  that  liming  was  usually  not  helpful  be- 
cause these  soils  were  already  sufficiently  supplied  with  lime. 

H.  J.  Wheeler,^  studying  alfalfa  on  the  granitic,  and  usually  acid 
soils  of  Ehode  Island,  reports  that  of  52  trials,  one-half  showed  in- 
creased yield  after  liming,  the  limed  lands  sometimes  yielding  eight 
times  the  crop  harvested  from  the  same  soil  unlimed. 

V.  M.  Shoesmith^  reports  the  results  of  cooperative  alfalfa  culture 
tests  from  701  seedings.  Of  550  reports  on  the  use  of  lime,  50.1 
per  cent,  gave  good  results  with  lime,  33.9  per  cent,  without.  Of 
the  failures,  0.1  per  cent,  were  with  lime,  7.9  per  cent,  without 
lime. 

Voorhees,  Lipman  and  Brown,*  studying  the  effects  of  lime  and 
fertilizers  on  oats  and  crimson  clover,  found  dressings  of  1,000 
pounds  per  acre  of  lime  as  helpful  to  oats  as  dressings  of  2,000 
pounds;  whereas,  with  crimson  clover,  the  larger  dressings  gave 
the  better  results. 

B.  Schultze,^  in  pot  experiments  with  lupines  and  serradella  on  a 
soil  treated  with  phosphoric  acid  and  potash,  found  that  additions  of 
carbonate  of  lime  in  amounts  equivalent  to  one-half  per  cent,  of  the 
soil's  weight  distinctly  lowered  the  crop  yields;  and  that  such  ad- 
ditions to  the  amount  of  5  per  cent.  of.  the  soil's  weight,  prevented 
these  crops  from  growing. 

P.  Bassler,"  studying  the  Schulz-Lupitz  system  of  green  manuring 
with  and  without  lime,  on  Pommeranian  soils,  using  dressings  of 
either  2,560  pounds  per  acre  of  calcium  carbonate  in  marl,  or  1,780 
pounds  of  burnt  lime,  found  that  vetch  and  red  clover,  but  not 
lupines,  gave  a  crop  increase  proportional  to  the  lime  added,  whether 
on  the  light  sandy  soils  or  on  the  better  lands. 

A.  F.  Khandurin^  found  that  carbonate  of  lime  dressings  helped 
the  early  development  of  yellow  lupines,  but  injured  their  later 
growth,  particularly  the  development  of  the  root  tubercles,  the  soil 
being  a  clay  (podzol  or  bleisand). 

E.  Ulbricht,®  from  pot  experiments  tried  during  three  years;  con- 
cludes that  vetches,  like  lupines  and  serradella,  are  often  helped  by 
small  dressings  of  lime  or  marl,  but  injured  by  large  applications, 
especially  of  the  lime. 

^Missouri  Agr.  Expt.  Stat.,  Bulletin  No.  106,  23-56. 
-R.  I.  Agr.  Expt.  Stat.,  Bulletin  No.  152. 
'Mich   Agrl.  Expt.  Stat.,  Bulletin  No.  271,  99-136. 
*N.  J.  Expt.  Stat.,  Bulletin  No.  210. 

^Jahresber.  Vers.  St.  Bre.slau,  1899.  .  , 

«Jahresber.    Vers.  St.,  Koslin,  1899. 
'Zhur.  Opuitn,  Agron.  7  (1909),  667-676. 
«Ldw.  Vers.  St.,  60  (1904),  135-146. 
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B.  Hardt'  found  that,  on  heath  soil,  with  a  rotation  of  lupines, 
oats  and  serradella,  oats  and  clover,  followed  by  two  years  of  clover, 
the  use  of  lime  at  the  rate  of  about  2,200  pounds  per  acre,  or  of  marl 
at  twice  that  rate,  was  highly  profitable,  especially  that  of  marl. 

D.  Prianischnikov^  found  that  on  certain  soils  lupines  were  bene- 
titted  by  light  dressings  of  lime  carbonate,  but  that,  upon  increasing 
the  dressings,  a  point  was  soon  reached  where  these  plants  were 
injured.  . 

J .  F.  Duggar  and  M.  J.  Funchess,=*  studying  Alabama  soils  as  af- 
fected by  liming,  report  that  large  areas  are  acid,  and  that  liming 
was  helpful  on  most  acid  soils  and  on  some  others.  The  average 
crop  increases  secured  by  liming  were:  Cotton,  23  per  cent;  corn, 
11  per  cent;  cowpeas  (seed  and  hay),  14  per  cent.;  peanuts,  24 
per  cent.;  velvet  bean  hay,  35  per  cent.;  soy  beans  (seed  and  hay), 
49  per  cent.;  German  millet  hay,  11  per  cent;  sorghum  hay,  47  per 
cent. ;  chuf as,  none ;  sweet  potatoes,  17  per  cent,  decrease. 

J.  G.  Lipman  and  others,*  in  box  experiments  with  soy  beans, 
found  that  a  small  dressing  (1,000  pounds  per  acre)  of  lime  in- 
creased the  nitrogen  richness  of  the  plant ;  that  a  2,000-pound  dressing 
gave  the  highest  crop  yield;  and  that  increases  of  dressing  beyond 
these  respective  amounts  earned  no  further  increase  of  either  nitro- 
gen richness  or  crop  yield. 

P.  S.  Kossovich  and  L.  Althausen,°  experimenting  on  acid  podzol 
soils  with  lime  in  amounts  sufficient  to  neutralize  the  acidity  and 
in  greater  quantities,  found  that  mustard  and  clover,  which  were 
higlily  sensitive  to  acidity,  were  most  helped  by  soil  neutralization, 
but  most  injured  by  excessive  liming;  buckwheat,  vetches,  wheat 
and  rye  were  less  sensitive  both  to  acidity  and  to  excessive  liming; 
while  barley  was  not  sensitive  to  acid,  nor  to  excess  of  lime! 

R.  Ulbricht«  found,  in  pot  experiments,  that  lime  injured  yellow 
lupines,  even  when  potash  was  abundantly  present.  The  same  in- 
vestigator' found  calcareous  dressings  (lime,  ground  limestone,  and 
marl,)  injurious  also  to  serradella. 

K.  _F.  Kellermaun  and  T.  R.  Eobinson,«  studying  the  effects  of  soil 
reaction  upon  legume  inoculation,  found  that,  in  case  of  alfalfa,  in- 
oculation was  almost  inhibited  in  acid  soils,  most  successful  in  al- 
kaline or  neutral  soils.  Crimson  clover  inoculation  is  little  affected 
by  soil  reaction.  Vetches  lie  intermediate  in  this  respect  between 
alfalfa  and  crimson  clover.    Liming  helps  both  inoculation  and  crop 

^Deutselie  Idw.  Presse,  32  (1905),  253-2.54^         '  ~  " 

■Izv.  Moskov.  Zelsk.  Khoz.   Inst.,   15  (1909),  109-115 
'Ala.  Agi-1.  Expt.  Station,  Bulletin  No.  161,  301-324 
"N.  J.  Agrl.  Expt.  Stat.,  Bulletin  No.  250. 

"Trudui  Mendelyevsk  S.vezda.  Obsch.  i.  Prikl.  Khim  1  fiqovi  4-00 
"Landw.  V.  St.,  52  (1899),  383-430.  ivmm.,  i  (UUI),  490. 

'lb.,  .59  (1904),  425-432. 

^Circular  No.  7,  Bureau  of  Plant  Industry,  U.  S.  D  A 
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Yield  in  case  of  alfalfa,  may  help  crop  yield  of  common  clover  when 
not  needed  for  its  inoculation;  and  shows  less  distinctive  effects 

with  the  vetches. 

These  experiments  tend  to  show  a  general  utility  of  lime  in  the 
cultivation  of  the  acid-sensitive  legumes,  alfalfa,  red  clover,  velvet 
bran  and  soy  bean;  a  tendency  to  injury  from  excessive  use,  parti- 
cularly with  acid-resistant  legumes,  such  as  lupines  and  serradella ; 
and  less  definite  limitations  with  the  less  sensitive  vetches,  cow  peas 
and  crimson  clover.  • 

EXPERIMENTS  UPON  MANNER,  TIME  AND  OTHER  CONDITIONS  OF 
APPLICATION  OF  LIME  TO  THE  SOIL. 

There  are  of  record  comparatively  few  experiments  that  deal  with 
the  methods  of  applying  lime,  with  the  time  or  crop  in  a  rotation  to 
which  it  is  preferably  to  be  applied,  and  with  any  differences  in 
quantities  required  for  soils  of  different  textures.  Of  these,  the 
complete  record  of  detail  is  lacking  in  most  cases.  The  net  results 
of  the  several  experiments  upon  these  subjects  follow: 

B.  Hardt,^  in  his  experiments  on  heath  soil,  found  that  the  appli- 
cation of  lime  at  two  points  in  a  five-3^ear  rotation,  every  year  of 
which  contained  a  legume,  was  better  than  a  single  application  of 
double  quantity. 

H.  J.  Wheeler  and  G.  E.  Adams,^  studying  the  use  of  lime  on  a 
three-year  rotation  of  rye,  clover,  or  clover  and  grass,  potatoes, 
grown  on  an  acid  granitic  soil,  found  that,  once  this  rotation  has 
been  sufficiently  limed  to  get  it  well  started,  further  liming  once 
in  six  years  at  a  moderate  rate  sufficed  to  maintain  it. 

0.  E.  Thorne,^  studying  the  application  of  lime  to  the  ordinary 
American  four-course  rotation  of  corn,  oats,  wheat,  and  grass  with 
clover,  obtained  better  results  by  applying  lime  to  the  sod  before 
corn,  than  to  oats  stubble  before  wheat,  because  application  at  the 
latter  point  in  the  rotation  sometimes  depressed  the  wheat  yield. 

Von  Brehmer,*  studying  the  influence  of  liming  upon  the  germin- 
ation of  flower  seeds,  reports  a  higher  percentage  of  germination 
always  after  proper  liming.  Where  caustic  lime  is  used,  he  recoin- 
mends  that  it  be  applied  eight  weeks  before  seeding,  but  states 
that  carbonate  of  lime  may  be  applied  the  day  before  seeding.  All 
such  dressings'  should  be  well  mixed  with  the  soil  before  it  is  seeded. 

G.  E.  Adams, in  the  course  of  cooperative  expeinments  on  liming, 
observed  that  hydrated  lime  applied  to  light  soil  immediately  be- 
fore seeding,  sometimes  injured  germination,  even  though  the  soils 

~Deu<-sehe  Mw.  Presse,  32"  (1905),  253-254 . 
^R   I    Aei-L  Expt.  Stat.,  Bulletin  No.  135,  101-126. 
^Ohio  Agrl.  Expt.  Stat.,  Bulletin  No.  159. 
^Gartenwelt,  11  (1907),  163-164. 
'R    I.   Agri.  Expt.  Stat.,  Bulletin  No.  121. 
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were  distinctly  acid  before  liming.  When,  however,  these  applica- 
tion were  made  several  weeks  before  seeding,  no  such  injury  was  ob- 
served. 

Bolin,^  studying  whether  or  not  lime,  if  used  with  manure,  should 
be  applied  at  the  same  time  with  manure,  or  at  a  time  somewhat 
remote  from  the  manuring,  experimented  with  rye  grown  on  clay 
soil.  The  land  was  treated  with  manure,  except  a  reserve  held  for 
check,  on  June  14th.  On  that  day,  part  of  the  manured,  and  part 
of  the  unmanured  land  was  limed  (2,670  pounds  slaked  lime  an 
acre).  (5n  Aug.  16,  another  portion  each  of  the  manured  and  the  un- 
treated lands  was  limed  at  the  same  rate,  and  the  land  seeded  on 
the  same  day.  The  lime  applied  with  manure  in  June,  caused  a 
loss,  as  compared  with  manure  without  lime.  The  lime  applied 
with  manure  on  August  16th  was  followed  by  the  highest  yield, 
although  the  lime  applied  alone  at  that  time  caused  a  loss  in  crop 
yield.  The  author  concludes  that  lime  will  give  the  best  results 
when  applied  to  fallow  ground  in  the  late  fall. 

R.  Ulbricht^  reports  occasional  instances,  in  the  course  of  ex- 
tensive pot  experiments,  where  spring  liming  gave  less  favorable  re- 
sults than  fall  liming  with  yellow  lupines  and  barley. 

It  is  clear,  from  the  scarcity  of  exact  data  upon  the  topics 
repres.iented  in  this  section,  that  there  is  opportunity  for  experiments 
of  much  practical  value  upon  these  points. 

'■K    Lendtbr.  Akad.  Handl.   oek  Tidskr.,   1906,  Bihang 
'J Aw.  V.  St.,  52  (1899),  383-430  ;  57  (1902),  129. 


185 


CHAPTEE  VII.    MAGNESIA  IN  LIMESTONES  AND  LIME. 


In  1900,  the  writer  reported^  the  results  of  a  chemical  investigation 
of  the  principal  changes  in,  soil  composition  that  followed  the  ap- 
plication of  calcium  and  magnesium  oxids  to  a  number  of  Pennsyl- 
vania soils,  with  the  conclusion  that  magnesium  oxid,  used  in  quan- 
tities chemically  equivalent  to  the  lime  added  in  the  parallel  treat- 
ment, worked  much  the  same  changes  as  the  lime.  Those  experiments 
were  not  associated  with  investigations  upon  the  respective  effects 
of  these  dressings  upon  the  soil  bacteria,  or  upon  plants  grown  upon 
the  treated  soils. 

Since  that  time,  the  relationships  of  these  two  dressings  to  the 
development  of  both  bacteria  and  the  crop  plants  have  been  the 
subject  of  numerous  investigations,  much  discussion,  and  a  volumi- 
nous literature. 

Interesting  as  these  investigations  are,  it  will  be  practicable,  in 
this  connection,  to  do  no  more  than  to  present  a  summary  of  the 
work  upon  this  phase  of  our  subject. 

Theory  of  Lime-Magnesia  Ratio.  '  ; 

As  long  ago  as  1892,  O.  Loew^  discussed  the  relations  of  calcium 
and  magnesium  to  plant  composition  and  physiology,  recalled  the  in- 
juries shown  by  plants  whose  roots  were  immersed  in  solutions  of 
magnesium  salts,  and  observed  that,  if  calcium  salts  were  added  to 
the  solution  in  sufficient  quantities,  the  injuries  were  prevented. 

In  later  writings,  Loew  and  many  of  his  Japanese  pupils,  as  well 
as  others,^  investigating  the  same  subject  likewise  by  means  of  the 
water-culture  and  sand-culture  methods,  present  facts  from  which 
they  conclude  that  the  salts  of  calcium  and  magnesium  must  be 
present  in  such  proportions  that  their  contained  lime  and  magnesia 
shall  bear  to  one  another  the  ratio  of  1 :1  for  many  cereals,  or 
ratios  not  very  remote  from  this,  but  usually  with  a  larger  proportion 
of  calcium  oxid,  for  other,  more  leafy  plants,  in  order  that  these 
may,  when  properly  supplied  with  other  essential  nutrients,  grow 
with  health  and  vigor.  These  investigations  are  so  well  checked 
and,  in  general,  so  similar  in  result,  that  their  conclusions  as  to 
the  bad  effects  of  departure,  under  the  limitations  of  method,  solution 
concentration,  and  other  conditions  marking  these  investigations, 

'■Ponna.  Dept.  of  Agriculture,  Bulletin  No.  61. 

=Flora  Oder  allgem.  bot.  Zeitun.s,  1892;  Jb.  Ag.  Ch.  [II],  15  (1892),  128. 
*The  bibliography  of  this  sub.ieet  has  been  so  fully  and  recently  presented  by 
Gile,  McCool  and  others,  that  its  presentation  here  is  omitted. 
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from  the  stated  relationships  of  lime  and  magnesia  in  the  nutritive 
media,  are  generally  accepted,  though  there  is  much  debate  concern- 
ing the  reasons  for  the  facts. 

Upon  the  basis  of  the  facts  that,  under  the  limited  conditions 
of  these  experiments,  excess  of  magnesium  salts  has  caused  injury 
to  plants,  Loew  and  his  pupils  have  been  led  to  infer  that  likeness 
of  soils,  as  respects  the  lime:  magnesia  ratio,  to  the  nutirtion  solu- 
tions used  in  their  water-and  sand-culture  experiments,  would  in 
like  degree  and  direction  influence  the  crops  grown  on  these  soils. 
Warnings  have  been  uttered  against  the  use  of  magnesiau  limes 
and  limestones  on  soils  in  which  the  pj-oportion  of  magnesia  is  greater 
than  of  lime.  Popular  impressions  have  gone  much  beyond  the  facts, 
even  to  the  entire  condemnation  by  many  of  magnesiau  limes  and 
limestones  for  use  as  soil  amendments. 

From  the  facts  of  water-culture  experiments  with  calcium  and 
magnesium  chlorids,  nitrates  and  sulphates,  to  those  of  the  influence 
of  calcareous  or  magnesium  dressings,  as  oxids,  hydrates  or  car- 
bonates, upon  cropped  land,  is  a  very  long  road  with  many  streams 
to  cross. 

If  these  facts  governing  water-cultures  under  certain  limited  con- 
ditions are  true,  they  mean,  that  a  departure  either  way  from  the 
most  favorable  ratio,  will  injure  growth.  If,  further,  it  be  hastily 
assumed  that  a  similar  balance  as  to  these  two  nutrients  governs 
the  plant  growth  in  the  soil,  it  would  follow  tbat,  in  cases  where 
the  relationships  existing  between  the  lime  and  the  magnesia  in  the 
soil  are  unkown,  it  would  be  as  unsafe  to  apply  pure  lime  as  pure 
magnesia,  and  the  middle  course  of  using  a'  dolomitic  lime  or 
Uniestone,  in  which  lime  and  magnesia  are  present  in  nearly  equal 
amounts,  to  neutralize  soil  acidity,  would  commend  itself  to  tlie 
careful  thinker. 

It  has  been  noted  that  the  influence  of  the  ratio  of  lime  to  mag- 
nesia—the "CaOrMgO  ratio,"  as  it  is  usually  expressed— does  not 
govern  plant  growth  under  all  conditions,  even  when  the  method 
used  is  that  of  water-culture. 

•  Limitations  of  Theory  Applied  to  Nutrient  Solutions. 

P.  L.  Gile^  experimented  with  rice  grown  by  water  culture  in  a 
solution  containing  nutrient  materials,  other  than  calcium  and 
magnesium  salts,  forming  a  total  of  44.2  parts  by  weights  in  100,000 
parts  of  the  solution.  To  different  lots  of  this  solution,  he  added 
calcium  and  magnesium  chlorids  in  varying  proportions  and  amounts. 
The  results  of  these  carefully  conducted  experiments  showed  that 
when  the  solution  contained  109  to  172  parts  of  the  combined  cal- 

Torto  Rico  Agrl.  Expt.  Stat.,  Bulletin  No.  I2I    '  ' 
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cium  and  magnesium  chlorids  in  100,000  of  solution,  and  in  the 
presence  of  the  44.2  parts  of  other  nutrients,  the  growth  was  better 
with  a  CaO:MgO  ratio  of  1:1,  than  it  was  with  ratios  of  10:1, 
5:1,  1:5,  or  1:10,  and  that  the  favorable  effect  of  the  ratio  1:1 
was  the  more  pronounced  as  the  chlorids  of  lime  and  magnesia  were 
present  in  greater  concentration.  On  the  other  hand,  where  these 
two  chlorids  were  present  in  the  proportions  of  23  to  62  parts  in 
100,000  of  the  solution,  the  growth  of  the  rice  was  not  considerably 
affected  by  departure  from  the  1:1  ratio. 

It  has  long  been  known  by  those  engaged  in  water-culture  experi- 
ments upon  plants,  that  a  plant  whose  roots  are  immersed  in  the 
solution  of  a  single  nutrient  salt  does  not  grow  like  those  supplied 
with  a  complete,  well-balanced  solution  of  all  the  nutrients  that 
must  be  gained  through  the  roots.  The  former  plants  soon  exhibit 
a  diseased  appearance,  and  the  solution  of  a  single  salt  is  said, 
not  altogether  appropriately,  to  be  "toxic"  to  the  plant. 

Antagonism.        ^  ^    .•   .  -  ■ 

If  to  the  j^iolution  of  a  single  salt,  another  soluble  salt,  which  need 
not  be  nutrient  in  its  uses,  be  added,  the  injury  to  the  plant  exposed 
to  the  effects  of  the  first  salt  under  the  same  conditions  as  those 
in  which  the  solution  of  the  single  salt  was  used,  is  less.  In  other 
words,  the  second  salt  modifies  the  effect  of  the  first.  The  two 
are  said  to  have  an  "antagonistic"  action  upon  one  another;  or, 
the  second  is  said  to  have  a  "protective  action"  upon  the  former, 
so  that  it  less  injuriously  affects  the  plant. 

This  modifying  influence  is  exerted  even  where  the  first  salt  is 
not  a  nutrient,  but  a  real  plant  poison,  such  as  a  copper  salt.^ 

The  observations  of  True  and  Gies,^  Loeb,^  W.  Ostwald^  and  Oster,* 
indicate  that  the  greater  the  variety  of  ions  added  to  the  solution 
of  a  pure  salt,  the  more  completely  is  it  deprived  of  injurious  effect. 

These  findings  indicate,  in  other  words,  that  an  antagonism  for  a 
single  kind  of  ion  is  not  found  to  be  specific  for  but  one  other  kind 
of  ion,  but  that  such  antagonism  may  be  exhibited  by  several,  if 
not  many  kinds  for  the  same  one;  conversely,  that  a  single  kind  of 
ion  may  act  protectively  with  respect  to  each  of  a  number  of 
other  kinds. 

Thus  M.  M.  McCool,^  in  one  of  the  most  elaborate  of  such  studies, 
using  wheat  and  Canada  field  peas  as  his  culture  plants,  found  each 
of  the  following  elements  and  radicles  (in  the  order  given)  to  be 

*R.  H.  True  and  W.  .J.  Gies,  Bull.  Torrev  Bot.  Club.  30  (1903)  397 

^Arch.  Physiol.  (Pfliiger)  106  (1905),  568.  '  ■ 

'Bot.  Gazette  42  (1906),  127;  i4  (1907),  251. 

^Pfluger's  Archiv.,  107  ,  252  262;  Science,  34-,  653-665.  >  ■ 

'Cornell  Univ.   Agrl.   Bxpt.    Station,   Memoirs,   No.   2,   Aug      1013-  Scionce 
n.  s.,  33  (1911),  339.  -  tn^f. 
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poisonous  to  seedlings  when  oli'ered  in  the  form  of  a  solution  of 
a  salt  of  the  element:  Barium,  strontium,  ammonium,  magnesium, 
sodium  and  potassium;  also,  that  the  following  pairs  of  elements 
and  radicles  acted  antagonistically  to  each  other;  Magnesium  and 
strontium,  potassium  and  strontium,  sodium  and  strontium,  sodium 
and  potassium,  sodium  and  ammonium,  potassium  and  barium  and 
barium  and  magnesium;  also  that  calcium,  potassium,  sodium  and 
magnesium  ions  overcome  the  injurious  tendencies  of  manganese.  Yet 
calcium  was,  of  all  the  elements  tried,  the  most  effective  in  preventing 
injury  by  the  action  of  any  of  the  other  elements  and  radicles  named. 

Likewise  Osterhout^  found  antagonism  between  sodium  and  each 
01  the  following:  Potassium,  ammonium,  mangnesium  and  calcium, 

B.  Hansteen,"  in  studies  upon  seedlings  of  wheat,  oats,  beans, 
vetches,  poppies,  mustard,  radishes,  red  clover  and  other  plants,  used 
root  growth  and  root-hair  development  as  the  basis  for  judging  as 
to  the  occurrence  of  injury.  He  found  magnesium,  sodium  and  po- 
tassium, used  yingiy  in  salts,  injurious,  in  the  order  named,  to  the 
jjlant  roots,  and  that  calcium  salts  corrected  the  injurious  tendency 
in  each  case;  also  that  potassium  and  magnesium  showed  pronounced 
antagonism  in  their  effects  upon  wheat,  while  potassium  and  sodium 
show  very  little. 

Loew^  and  also  C.  B.  Lipman*  have  observed  antagonism  between 
potassium  and  magnesium. 

Speaking  with  reference  to  the  iniluence  of  lime  and  magnesium 
salts  respectively,  when  present  with  other  salts,  Gile  says,  in  the 
report  above  cited,  "The  toxicity  of  an  excess  of  lime  or  magnesia 
is  not  due  simply  to  an  unfavorable  ratio  between  these  two  stalts 
alone,  but  to  an  unfavorable  proportion  between  the  salt  which  is 
in  excess  and  all  the  other  salts  present." 

For  our  present  purposes,  it  is  very  significant  that,  as  McOooP  and 
others  have  found,  in  the  presence  of  a  solid,  such  as)  soil  or  sand, 
in  the  solution  acting  upon  a  plant,  the  injurious  effects  shown  by 
the  given  salts  are  very  much  less  than  when  its  solution  is  free 
from  contact  with  such  solid  particles. 

It  is  clear,  from  the  investigations  justt  presented,  that  the  influence 
of  lime  and  magnesia  in  a  nutrient  solution,  is  not  determined  solely 
by  the  mutual  relations  of  these  two  elements,  but  also  by  many 
other  conditions. 

Application  of  Theory  to  Soils. 

The  number  of  influencing  factors  becomes  vastly  greater  when 
we  consider  the  growth  of  plants  in  soils.  The  chemical  components 
of  different  soils  react  in  very  difl'erent  ways  upon  contact  with  a 

^Jahrb.  Wiss.  Bot.  (Pringsheim)  46  (1908),  121. 

"Jahrb.  Wiss.  Bot.  (Pringsheim)  47  (1910),  288-376. 

^Bot.  Gazette,  46  (1908),  302. 

*Bot.  Gazette,  48  (1909),  105. 

^Work  previously  cited,  pp.  201  and  215. 
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given  salt  solution.  Either  calcium  or  magnesium  brought  to  the 
soil  in  a  given  state  of  combination,  will  probably  undergo  a  change 
of  combination  after  it  has  been  exposed  to  the  soil,  and  some  of  it 
may  remain  in  solution,  Vi^hile  another  portion  is  converted  to  an 
insoluble  compound.  Moreover,  a  change  may  occur  in  the  soil  re- 
action, as  the  result  of  the  application,  and  such  change  is  followed 
by  a  series  of  changes  in  the  soil  solution,  the  soil  bacteria,  and 
the  general  condition  of  crop  vigor,  aside  from  any  direct  effect  the 
material  applied  may  tend  to  have  upon  the  crop. 

Our  present  knowledge  of  the  mineral  composition  of  soils  has 
been  gained  very  largely  from  the  materials  that  are  dissolved  by 
the  prolonged  action  of  hot,  strong  acid  upon  the  soils.  The  ten- 
dency has  been  to  consider  the  ratios  of  lime  and  magnesia  thus 
dissolved,  as  equally  influential  upon  plant  life  with  the  ratios  of 
these  elements  when  present  in  excess  in  a  nutrient  solution. 

From  the  data  presented  on  an  earlier  page^  it  was  concluded  that 
in  most  soils,  even  such  as  contain  more  magnesia  than  lime  soluble 
in  strong  acid,  the  lime  is  present  in  a  more  soluble  condition  than 
the  magnesia. 

Magnesium  Salts  in  Alkali  Soils. 

As  we  have  said,  there  are  exceptions  to  this  rule.  The  white 
alkali  soils  are  often  rich  in  magnesium  sulphate,  as,  for  example, 
the  alkali  of  Eocky  Ford,  Colorado,^  which  contains  44.43  per  cent, 
of  this  salt,  besides  5.76  and  1.65  per  cent,  of  magnesium  chlorid 
and  phosphate,  respectively,  while  calcium  salts  are  absent.  On  the 
other  hand,  the  alkali  at  Imperial,  California,  contains  58.42  per 
cent,  of  calcium  chlorid  and  only  2.81  per  cent,  of  magnesium  chlorid, 
the  sole  magnesium  salt  in  this  alkali.  In  both  cases,  the  high  con- 
centration of  the  soil  solution  is  fatal  to  plants;  but  if  these  soil 
solutions  were  sufficiently  dilute  to  permit  plant  growth,  it  would 
be  anticipated  that  its  great  excess  of  magnesia  would  make  the 
Eocky  Ford  alkali  injurious,  and  probably  its  great  excess  of  cal- 
cium chlorid  that  of  Imperial. 

Alkaline  Encrustations. 

In  humid  regions,  however,  the  occurrence  of  alkaline  encrusta- 
tions upon  the  soil  surface  is  relatively  rare.  Only  a  few  instances 
are  known  in  which  magnesium  sulphate,  thus  accumulated,  has  been 
accompanied  by  marked  injury  to  vegetation.  Thus  Petzhold^  notes 
the  occutrence  in  Pultawa  province  of  lands  with  spots  on  which, 
only  a  few  sickly  weeds  grow,  though  the  surrounding  soil  is  highly 

fertile.  Since  the  chief  difference  in  composition  between  the  two 
___  _ 

Wgard,  Soils,  p.  442.  • 
'ArcMv.  Naturk.  Liv-Esth-  u.  Kurlands,  [1]  3,  102. 
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soils  is  found  in  the  higher  magnesia  content  of  the  infertile  spots, 
Petzhold  regards  the  excess  of  magnesia  as  the  cause  of  the  defect. 
The  facts  given  are  not  sufficient  to  warrant  the  conclusion. 

Hopkins^  states  that,  in  northern  and  northern  central  Illinois, 
there  are  lands  containing  infertile  spots  that  range  from  a  few 
square  rods  to  some  acres  in  size,  and  that  these  spots  show  en- 
crustations with  an  excess  of  magnesium  carbonate. 

Infer'tility  of  Soils  Derived  from  the  Certain  Magnesian  Rocks. 

There  are,  however,  many  soils  derived  from  magnesian  rocks 
that  are  of  low  fertility,  even  though  they  exhibit  no  formation  of 
"alkali."  Such  are  soils  derived  from  the  talcose  or  serpentine 
rocks.  In  many  European  regions,  highly  magnesian  dolomitic  lime- 
stones^ also  have  formed  sterile  sandy  deserts,  and,  in  America,  have 
formed  certain  "barrens."  Hilgard  suggests  that  as  these  rocks 
are  usually  accompanied  by  much  smaller  amounts  than  average 
limestone  contains  of  other  elements  nutritive  to  plants,  it  is  possible 
that  lack  of  these  associated  materials,  rather  than  the  presence  of 
.so  much  magnesium  carbonate,  may  be  the  cause  of  infertility. 
Doubtless,  too,  the  coarse  sandy  character  of  the  weathered  rock  is, 
in  some  cases,  the  determining  cause.  There  is  need  for  caution 
in  accepting  such  broad  classifications,  because  there  are  many 
quite  fertile  soils  in  Pennsylvania  and  in  central  and  northern  Ohio, 
that  are  derived  from  highly  magnesian  limestones'. 

Importance  of  SoluMlities  of  Antagonistic  Substances. 

The  foregoing  statements  have  probably  emphasized  sufficiently  the 
need  for  considering  the  respective  solubilities  of  the  lime  and  mag- 
nesia in  soils,  in  all  attempts  to  apply  Loew's  ideas  as  to  the  in- 
fluence of  the  lime-magnesia  ratio. 

Indeed,  Dr.  Loew^  himself  clearly  expresses  a  distinction  between 
the  infiuence  of  soluble  and  insoluble  magnesia  in  soils. 

This  point  is  emphasized  also  by  G.  Daikuhara*  who  found,  in 
experimenting  with  paddy  rice  in  sand,  that  in  the  presence  of 
abundant  carbonate  of  lime,  a  proper  balance  for  the  growth  of  this 
crop  was  obtained  by  adding  only  a  small  amount  of  the  highly 
soluble  magnesium  sulphate,  bringing  the  CaO  :MgO  ratio  to  30:1; 
but,  when  magnesia  was  supplied  as  the  carbonate,  it  was 
needful  to  add  enough  to  bring  the  ratio  to  1:1.  In  the  case  of 
barley,  using  magnesium  sulphate,  a  ratio  of  60:1  was  satisfactory, 
that  for  carbonate  again  being  1:1. 

^111.  Agr.  Expt.  Stat.,  Bulletin  No.  1.57. 
^See  Hilgard,  Soils,  pp.  36  and  42. 

^Loew  and  Mav,  TJ.  S.  Bureau  of  Plant  Industry,  Bulletin  No.  1. 

^Bull.  Imperial  Central  Agr.  Expt.  Stat.,  Japan,  1  (1905),  23-29;  ib.,  87-91. 
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Maki  aud  Tanaka^  regarded  one  part  of  magnesium  sulphate  as 
the  equivalent  to  20  parts  of  magnesdte.  According  to  Loew  this 
proportion  varies  with  different  soils,  from  1:30  (sands)  to  1:7 
(loams  and  clays).  S.  Kanemori,^  comparing  finely  divided,  pre- 
cipitated (basic)  carbonate  of  magnesia  with  pulverized  magnesite, 
found  the  former  8  to  50  times  as  efficient  as  the  latter  in  counter- 
balancing the  effects  of  excessive  calcium  carbonate  in  soils  cropped 
with  barley  and  oats — a  difference  doubtless  due  to  the  greater 
solubility  of  the  precipitated  magnesium  carbonate. 

O.  Lemmerman,  A.  Einicke  and  H.  Fischer^*  also  emphasize  the  need 
of  distinguishing  between  the  magnesium  soil  constituents  with  re- 
spect to  their  several  solubilities,  in  forming  a  judgment  upon  the 
effects  of  magnesian  additions. 

Difficulties  in  Applying  Theory  to  Soils. 

Eecalling  the  facts  presented  in  an  earlier  section  of  this  chapter 
showing  that  in  most  soils,  of  the  materials  soluble  in  mild  solvents, 
lime  usually  exceeds  magnesia;  recalling  further  the  facts  developed 
by  Gile's  experiments  that  an  excess  of  soluble  magnesia  as  com- 
pared with  soluble  lime  is  injurious  to  plant  growth  only  when  other 
soluble  salts  are  present  in  small  quantity  relative  to  that  of  the 
magnesia ;  and  finally  recalling  the  observations  of  McCool  and  others, 
that  in  the  presence  of  solid  substances,  such  as  the  soil,  solutions 
otherwise  tending  to  cause  plant  injury,  are  very  much  reduced  in 
such  effects,  we  are  led  to  ask  whether  there  has  not  been  placed  an 
undue  emphasis  upon  the  interesting  and  valuable  physiological  dis- 
covery by  Loew,  when  its  application  is  attempted  to  farm  practice 
in  the  use  of  low-grade  potash  salts,  which  contain  considerable 
quantities  of  -magnesium  sulphate  and  chlorid,  and  especially  in  the 
use  of  magnesian  lime  and  limestone  as  soils  amendments.  It  must 
be  admitted  that  trials'  under  soil  conditions  are  necessary  to  a  safe 
conclusion. 

SOIL  EXPERIMENTS  ON  THE  LIME  :  MAGNESIA  RATIO. 
There  have  been  a  very  considerable  number  of  European  experi- 
ments to  determine  the  crop  and  soil  effects  of  the  magnesian  salts 
present  in  low-grade  potash  salts  and  in  the  wastes  from  the  potash 
mines.  Unfortunately,  they  have  usually  not  been  so  conducted 
as  to  throw  light  directly  upon  our  present  problem,  for  the  dress- 
ings have  not  been  adjusted  with  reference  to  the  balance  of  the  soil's 
food  supply.    Kepeated  instances  appear,  in  which  additions  of  mag- 

~^Note  by  D    Mayer,  Ldw.  Jahrb.,  39  (1910)  Erganzunasband,  3,  257. 
^BuU.  Imperial  Central  Agr.  Exp.  Stat.,  Japan,  7  (1908),  613-614. 
'Landw.  Jahrb.,  40  (1911),  173-254. 
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uesium  sulphate  or  chlorid  has  been  helpful,  especiallj^  where  the  soil 
is  so  rich  in  calcium  carbonate  as  to  be  ill-suited  for  the  most 
vigorous  crop  growth.  There  is,  however,  no  certainty,  in  most  of 
these  cases,  whether  the  benefit  from  the  magnesian  dressings  was 
due  to  a  physiological  setting-free  of  the  acid  of  the  magnesian  salts 
and  thereby  a  reduction  of  the  excessive  alkalinity,  or  to  a  more  di- 
rect piotective  action  of  the  magnesia  against  the  excess  of  calcium. 

This  lack  affects  all  the  earlier  experiments,  such  as  those  of 
Lohmann,^  Schulze,^  Stoeckhardt,^  Dietrich,*  Hannemann,^  Lawes  and 
Gilbert,*'  Bretschneider,''  Knop,^  and  others. 

There  are  some  recent  experiments  in  which  genuine  soil  cultures, 
a?  distinguished  from  water  cultures  and  sand  cultures  (in  which  a 
very  pure  acid-washed  sand  is  impregnated  with  the  nutrient  solution 
or  mixed  wdth  the  nutrients  in  a  solid  state,  but  is  itself  incapable  of 
supplying  food),  were  used,  but  in  which  soluble  magnesium  salts 
(sulphate  or  chlorid)  were  employed,  as  the  chief  sources  of  magnesia, 
to  balance  calcium  present  as  carbonate.  The  results  of  some  of 
these  experiments,  such  as  those  of  C.  Kanomata,®  L.  Bernardini  and 
G.  Corso,^'^  are  held  to  support  Loew's  theory;  but  the  criticism  may 
be  offered  that,  judging  from  the  abbreviated  accounts  available  to 
the  writer,  the  plan  involved,  the  balancing  of  calcium  carbonate 
against  magnesium  sulphate.  This  plan,  may,  if  we  may  judge  from 
the  results  obtained  by  Daikuhara,^^  lead  to  very  wrong  conclusions 
because  of  the  very  different  degrees  of  solubility  of  the  two  comi 
pounds.  Loew  and  May^^  note  that  magnesium  nitrate  and  magne- 
sium sulphate  solutions  are  more  injurious  than  magnesium  car- 
bonate. 

Our  problem  relates  chiefly,  however,  to  the  §f¥ects  of  magnesium 
oxid,  hydrate,  and  basic  and  normal  carbonates,  as  they  occur  in 
commercial  limstone  products  and  for  neutralizing  acid  soils. 
To  solve  this  problem  we  must  be  guided  by  experiments  with  these 
materials  used  under  soil  conditions.  There  are  many  such  experi- 
ments of  record,  but,  unfortunately  again,  few,  if  any,  in  which  the 
applications  have  been  regulated  with  respect  to  both  soil  acidity 
and  the  CaO  :MgO  ratio  of  available  plant  food  in  soil  and  amending 
substances.  As  those  most  nearly  meeting  these  requirements,  and 
most  completely  described  in  the  literature  available  to  the  writer, 
the  following  will  be  presented  for  consideration : 

^Centralbl.  Ldw.  Verein,  Sachsens,  1862,  51.  ~~~~ 
-Chem.  Ackersmann,  1862,  266;  Chem.  Ctrbl.,  1863  ,  4. 
^Ib.,  1862,  4. 

*Brster.  Bericht  v.  Heidan,  49. 

"Mitth.  d.  Fiirst  zu  Schwarzenberserischen  V.  St.  zu  Lobowitz  1875 

M.  Roy.  Agr.  Soc.  England,  (5)  gi,  178. 

"Mitth.  ldw.  Central.  Verein  f.  Schlesien,  15,  57. 

^Amtsbl.  ldw.  Ver.  d.  KoniRsroich  Sachsens,  1865,  72. 

"Bull.  Col.  Agr.  Imperial  Univ.  Tokyo,  7,  (1908)  599-607 

"Staz.   Sper.  Agr.   Ital.,  41,   (1908),  191-208. 

"See  page  190. 

'^Bull.  No.  1,  TJ.  S.  Bureau  of  Plant  Industry. 
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Pennsylvania  Experiments. 

In  the  field  experiments  conducted  by  the  Pennsylvania  Experiment 
Station,  low-magne&dan  lime  and  limestone  have  been  used  exclu- 
sively, for  these  products  are  most  readily  obtainable  in  commercial 
form  from  nearby  quarries. 

For  the  purpose,  however,  of  securing  information  for  the  guid- 
ance of  Pennsylvania  practice,  a  study  of  the  effects  of  mixtures  in 
various  proportions  of  calcium  and  magnesium  hydroxids  and  car- 
bonates upon  the  growths  of  clover,  when  these  mixtures  were  us)ed 
in  the  quantities  necessary  to  meet  exactly  the  lime  requirement 
of  the  soil,  was  made  by  Walter  Thomas,  B.  S.,  in  connection  witli 
the  experiments  upon  the  influence  of  the  fineness  of  subdivision  of 
limestone  upon  its  amending  value. 

It  may  be  added,  as  to  the  soil,  that  the  land  from  which  it  came 
lies  adjacent  to  the  Pennsylvania  Experiment  Station  farms,  is  of 
the  same  geological  origin  (Ordovician  limestone  of  age  earlier  than 
the  Trenton  beds),  of  the  same  silty  loam  type,  and  probably  of 
the  same  general  composition  as  to  its  calcium  and  magnesium. 
The  surface  and  subsoil  of  the  unfertilized  grass  lands  of  the  Station 
farm  contain,  as  shown  by  analyses  made  by  J.  W.  White,  in  the 
writer's  laboratory:  .  • 


Surface. 
Per  Cent. 

Sub.soil. 
Per  Cent. 

.365 
.509 

.877 
.679 

These  percentages  represent  the  action  of  hot  concentrated  hydro- 
chloric acid  acting  for  ten  hours.  (Official  method.)  The  propor- 
tions of  these  bases  soluble  in  weaker  solvents,  has  not  been  de- 
termined. If  all  the  CO2  present  be  reported  as  combined  with  CaO, 
the  CaCO^  represents  only  18  per  cent,  of  the  lime  soluble  under  the 
conditions  above  stated.  "  ■  ■  ■ 

The  CaO  :MgO  ratio  in  the  acid-soluble  materials  is,  for  the  sur- 
face soil,  1:1.37;  for  the  sub-soil,  1:1.80.  If  therefore,  the  ratios"  of 
these  bases  soluble  in  strong  acid  were  a  satisfactory  criterion  of  the 
balance  between  these  bases  in  the  nutrient  supply  gained  by  plants 
from  this  soil,  we  should  expect,  from  the  findings  of  Loew  and  his 
pupils,  a  distinct  disadvantage  to  the  crop  from  the  application  of 
amendments  increasing  the  proportion  of  magnesia  available  to  the 
crops,  and  possibly  also  from  such  as  very  greatly  raise  the  pro- 
portion of  calcium  to  magnesium. 

The  amending  materials  used  were  prepared  from  calcite,  mag 
T'esite  and  dolomite  of  the  following  percentage  composition : 
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Caleite. 

Magaesite. 

Dolomite. 

Per  Cent. 

.16 

1.93 
97.81 
Trace 

Per  Ceut. 

.41 
1.21 
2.67 
95.81 

Per  Cent. 

58 
1.11 

52.98 
45.55 

MgCOa  

99.90 

100.10 

100.22 

The  bydroxids  were  prepared  by  ignitiug  the  caleite  and  magnesite 
at  low  red  heat  iu  a  muffle  furnace  until  complete  decomposition 
had  been  obtained,  and  adding  to  the  oxids  the  amounts  of  water 
necessary  for  hydration.  The  several  materials,  carbonates  and  hy- 
droxids,  were  at  once  pulverized,  sifted  through  a  100-mesh  sieve, 
find  held  in  stoppered  bottles. 

The  soil  used  was  the  same  as  that  employed  in  Series  II,  of 
the  experiment  described  in  the  preceding  Chapter,^  that  is,  it  was 
run-down  soil  of  1,500  pounds  per  acre — 7  inches  lime  requirement, 
and  all  details  of  size  of  wire  baskets,  methods  of  soil  preparation, 
addition  of  amendment,  planting  and  environment  during  growth 
of  the  crop  (medium  red  clover),  were  the  same  as  in  that  experiment. 

The  amendments  other  than  the  dolomite,  were  added  to  the  soil 
mixed  in  such  mutual  proportions  as  to  secure  the.  lime:magnesia 
(CaO:MgO)  ratios  stated  below.  The  dolomite  was,  however,  used 
unmixed.  The  ratios  were  chosen  so  as  to  represent  the  commercial 
limestone  products  available  to  the  Pennsylvania  buyer,  and  accord- 
ingly do  not  include  such  as  carry  magnesia  iu  larger  proportion 
than  occurs  in  dolomite.  The  yields  from  the  use  of  low-magnesian 
limestone  are  shown  by  the  results  of  the  100-mesh  material  stated 
in  the  description  of  the  corresrsponding  series  of  experiments  in 
the  previous  chapter  on  liming. 

Each  treatment  was  repeated  in  four  separate  wire  baskets. 

During  the  period  of  growth,  the  only  point  of  distinct  difference 
between  the  crops  from  the  high  magnesian  and  high  calcium  treat- 
ments, respectively,  was  a  retarding,  by  three  of  four  days,  of  the 
germination  of  the  clover  seed  where  magnesian  amendments  were 
used. 

At  the  conclusion  of  eight  and  one-half  months,  the  clover  tops 
were  cut,  weighed,  air-dried  and  re-weighed,  and  the  roots  were 
washed  out,  dried  and  weighed.  The  root  systems  in  all  the  pots 
containing  amendments  were  more  fibrous  and  showed  better  develop- 
ment of  tubercles  than  those  grown  in  the  untreated  soil. 

The  air-dry  crop  weights  from  the  several  treatments  were  as  fol- 
lows, in  grams: 
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WEIGHTS  OF  CLOVER  CROPS  FROM  DIFFERENT  TREATMENTS. 

(Air-dry  Weight — Grams.) 


Treatments. 

CaO  :MgO 
Ratio.. 

Tops. 

Roots. 

En- 
tire 
Plant 

Remarks. 

1:J 

+2.10" 
2.26 
2.00 
n.87 

"  2.06 

4.26" 
4.23 
3.18 
4.06. 

"  3.93 

5.99 

+Coating  cracked. 
*42  seeds  germinated. 

CaCOa  +  MgCOz  . 

2:1 

1.90] 
2.15  I 

2.12  1  2.12 
2.30J  - 

4.00" 
3.65 
4.20 
3.55 

■  3.85 

5.97 

3:1 

2.69' 
**1.80 
2.33 
2.94, 

■  2.44 

4.20] 
4.0O 
4.05 
4.21 

■  4.U 

6.55 

**Coating  cracked. 

Ca  (0H)2  +  Mg  (0H)2 

1:1 

1.70 
2.50 
2.21 
2.47, 

■  2.22 

3.46" 
3.06 
3.49 
3.20. 

■  3.30 

5.52 

2:1 

tl.851 
2.70 
2.35 
2.15. 

■  2.74 

3.56 

3.26 
4.03 
3.26j 

■  3.5.^ 

6.2f7 

tCoating  cracked. 

3:1 

2.73" 
2.75 
•  1.96 
2.18. 

■  2.9(1 

3.26' 
4.20 
4.13 
4.00 

■  3.90 

6.80 

Dolomite 

1  :1 

1.54" 
2.18 
2.20 
1.91. 

"  1.36 

2.68" 
2.77 
2.56 
2.60, 

"  2.65 

4.63 

Untreated 

1.84 
1.53 
1.39 
1.52 

■  1.57 

2.72 
2.86 
2.66 
2.67 

■  2.71 

4.28 

These  results,  like  those  of  Series  II.  indicate  that  acidity  was  not 
the  limiting  factor  for  clover  gro"vvth  on  this  soil.    The  yield  from 
•  the  carbonate  treatment  3:1  "n^as  only  half  of  that  obtained  from 
the  coi'responding  fine  limestone  on  the  soil  of  Plat  32. 

Nevertheless,  all  the  treatments  "were  attended  by  some  crop  in- 
crease. 

It  is  true  that  the  lo"n^-magnesian  dressings  "were  attended  by  some- 
what higher  yields  than  those  with  the  narrowest  CaO:MgO  ratio; 
but  the  yields  from  individual  pots  were  over-lapping  in  marked  de- 
gree, and  the  differences  between  averages  for  the  treatments  were 
not  large.  Moreover,  the  yield  from  1-100  mesh  very  low  magnesian 
limestone,  on  the  same  soil  under  identical  conditions  of  growth, 
was  2.33  grams  of  air-dry  top;  less,  that  is,  that  the  yield  obtained 
from  a  mixture  of  equally  fine  calcite  and  magnesite  applied  in  the 
ratio  3:1;  so  that  the  increase  of  yield  with  increase  in  calcium 
proportion  in  the  amendment,  was  not  absolutely  consistent. 

The  net  resTilts  of  the  experiment  on  this  acid,  run-down  soil, 
more  highly  magnesian  than  calcareous,  may  be  expressed  as  follows : 

1.  The  soil,  despite  its  probable  deficiency  in  plant  foods,  was" 
not  too  acid  to  yield  a  moderate  crop. 
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2.  Clover  grown  upon  it  was  less  responsive  to  calcareous  amend- 
ment than  when  grown  on  soil  of  the  same  locality,  long  well  fer- 
tilized. 

3.  None  of  the  dressings,  even  that  representing  the  most  highly 
magnesian  limestone  to  be  found  on  the  market,  did  any  harm  during 
the  first  year  after  its  addition. 

4.  The  most  highly  calcareous  dressings  showed,  in  general,  ef- 
fects somewhat  more  beneficial  than  the  highly  magnesian  dressings. 

5.  The  yields  from  the  hydrate  applications  all  exceeded  those 
from  the  corresponding  carbonate  applications,  tlie  average  for  the 
former  being  2.62  as  contrasted  with  2.21  for  the  carbonates,  ex- 
clusave  of  dolomite. 

6.  The  yield  from  dolomite  was  beneficial,  but  less  effective  than 
the  corresponding  dressing  of  calcite-fmagnesite. 

'  Effects  Upon  Ash  Composition. 

To  determine  in  what  measure  the  clover  plants  consumed  the 
lime  and  magnesia  thus  supplied,  the  crops  (tops)  were  analysed, 
with  the  following  results: 


LIME  AND  MAGNESIA  IN  CROPS. 


Mole- 
cular 
'■atios  iu 

dress- 
ings. 

Ash  Composition 
(Per  Cent.) 

'Vb.solute  quantities, 

Grams. 

Treatment. 

Asli  in 
crops,  {jer 
cent. 

CaO 

MgO 

CaO 

MgO 

Mole- 

culai" 
ratios  in 
asl) . 

CaCO:   -1-  MgCOs 

1:1 
2:1 
3:1 

4.90 
5.10 
5.10 

32.44 
33.95 
S5.20 

13.31 
12.44 
10.09 

.0339 
.0367 
.0476 

.0139 
.0134 
.0136 

1.7:1 
2.0:1 
2.5:1 

Ca(0H)2  +  Mg(OH)2 

■  1:1 
2:1 
3:1 

5. CO 

5.20 
5.20 

32.36 
33.40 
36.44 

14.70 

14.20 
11.00 

.0358 
.0417 
.0455 

.0163 
.0177 
.9137 

1.5:1 
1.7:1 
2.4:1 

Dolomite 

1:1 

4.70 

33.15 

9. 41 

.om 

.0087 

2.6:1 

Untreated 

4.40 

30.10 

9.47 

.0208 

.0065 

2.3:1 

These  figures  show: 

1.  All  the  treatments  increased  the  proportion  of  ash  in  the 
plants,  the  dolomite  least,  the  hydrate  most. 

2.  From  dolomite,  the  plants  took  up  less  ash  for  each  unit  of 
dry  matter  increase,  than  did  those  receiving  the  other  dressings. 
The  CaO:MgO  ratio  of  the  ash  increase  was,  however,  3.4:1.  That 
is,  from  the  dolomite  the  plants  took  calcium  far  more  freely  than 
magnesium. 
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3.  From  the  other  dressings,  the  plants  took  up  magnesium  much 
more  freely  than  from  the  dolomite.  From  the  low  calcium  dressings, 
they  took  proportionally  more  magnesium,  than  they  did  from  the 
most  highly  calcareous  dressings — speaking  with  reference  to  mole- 
cular proportions. 

4.  The  crops  took  relatively  a  little  more  magnesia  than  calcium 
from  the  hydrates  vs.  the  carbonate  dressings. 

5.  In  general,  the  plants  were  not  self-protected  by  an  exclusion 
of  the  magnesia.  It  entered  them  and,  judging  from  the  yields  as 
compared  with  that  obtained  from  the  use  of  purely  calcareous  lime- 
stone, did  t^em  no  detectible  harm,  except  slightly  delaying  the 
germination.  In  no  case,  however,  did  the  percentage  of  magnesia 
in  the  ash  reach  the  amount  stated  hj  Wolffs  for  fully  ripe  clover, 
although  for  most  of  the  treatments,  it  exceeded  the  amount  he  gives 
for  this  plant  at  the  time  of  bloom. 

The  variations  in  ash  composition  stated  in  paragraph  "3"  cor- 
respond to  those  observed  in  like  studies  by  Lemmerman,  Einicke  and 
Fischer,^  D.  Mayer,^  and  T.  Takeuchi,*  although  the  last  named  in- 
vestigator found  that,  with  a  rapid  increase  of»  calcium  carbonate 
in  the  soil,  while  the  consfumption  of  this  element  by  the  plant  also 
increased,  it  did  so  at  a  greatly  reduced  rate. 

Other  experiments  bearing  upon  that  subject,  longer  continued,  but 
whose  results  have  not  yet  been  prepared  for  publication,  have  been 
conducted  by  Mr.  J.  W.  White.  So  far  as  the  results  may  be  judged 
from  the  appearance  of  the  crops,  an  application  of  mixed  car- 
bonates with  a  1:1  CaO  :MgO  ratio  caused  no  injury,  nor  marked  re- 
duction in  the  crop,  as  compared  with  more  purely  calcareous  dress- 
ings ;  but  made  possible  the  growth  of  clover  on  a  soil  too  acid  with- 
out amendment  for  that  crop. 

Illinois  Experiments. 

0.  G.  Hopkins,^  conducted  at  the  Illinois  Experiment  Station  some 
pot  experiments  in  the  study  of  the  magnesian  "alkali"  mentioned 
on  an  earlier  page  as  occuring  in  northern  and  north  central  Illinois. 
The  experiments  were  made  with  the  brown  silty  loam  of  the  Station 
farm,  a  soil  rarely  acid,  but  whose  CaO  :MgO  ratio  is  not  stated.  The 
magnesian  addition  was  not  magnesium  carbonate,  but  magesium 
basic  carbonate,  a  much  more  active  substance.®  It  was  added  in 
quantities  equivalent  to  0.2  to  2.0  per  cent,  of  the  soil,  and  the  pots 
sown  to  wheat.    The  crops,  for  five  successive  years,  showed  fairly 

'Aschen  Analvsen,  (1880)  II,  122.  ~  .  ~" 

^Ldw.   Jahrb.,  40  (1911)  173-254. 
'lb.  33  (1904)  371-404. 

*Bull  Coll.  Agr.,  Imperial  Univ.  Tokyo,  7  (1908)  579-581. 

'Soil  Fertility  and  Permanent  Agriculture,   1910,   170-172.  ,^       ^      ■  = 

'See  comment  by  GUe,  Porto  Rico  Bulletin  cited  p.  186. 


198 


consistent  benefit  from  the  applications  up  to  .8  per  cent.,  but 
distinct  injury  from  amounts  of  1.2  per  cent,  or  more.  These  ex- 
periments throw  little  certain  light  upon  our  problem.  For  basic 
magnesium  carbonate  occurs  rarely,  if  ever,  in  our  commercial  lime 
supplies.  The  only  way  in  which  it  can  come  into  consideration  is 
as  a  product  from  the  magnesian  lime  or  hydrated  lime  applied  to 
the  soil.  In  view  of  Maclntire's  results/  it  is  doubtful  whether  this 
ba&'ic  carbonate  could  accumulate  in  quantities  sufficient  to  be  in- 
fluential. 


Tennessee  Experiments. 

Maclntire  and  Willis^  report  the  results  of  wire-basket  experi- 
ments with  wheat  on  three  acid  soils  treated  with  graded  amounts 
of  chemically  pure  calcium  carbonate  and  "normal"  magnesium  car- 
bonate, respectively.  The  resudts  of  these  experiments,  expressed 
in  terms  of  the  dry  weights  of  the  crops  obtained,  are: — 

YIELDS,  TENNESSEE  EXPERIMENTS  (Grams,  Dry  Weight.) 


Lime  requirement  (Veitcli): 
CaCOs  in  3,500,090'  pounas,  ... 

Crop  Weights,  Dry  (Grams) 
Untreated,   

Treated  with  CaCOs: 
Veitch  lime  requirement,  . 

One-third  excess  

1785  lbs.  excess,   

16,070  Itis,  excess  

Treated  with  MgCOa: 

Equivalent  to — 
•    Veitch  lime  requirement,  .. 

One-third  excess,   

1785  pounds  excess,   

16,070  lbs.  excess,   


Cumberland 
loam. 


3,812 
1.5851 


1.3943 
2.2141 
1.7963 
1.6797 


1.7025 
1.5829 
1.9086 
.7432 


Tellier  fine 
sandy  loam. 


1,061 
2.1636 


2.5629 
2.3654 
2.2148 
2.310O 


2.2745. 
2.5985 
2.3574 
.6829 


Ghicamauga 
silt  loam. 


1,346 
4.0649 


4.4463 
5.2903 
6.0634 
7.7355 


6.2952 
6.1477 
5.1093 
2.3706 


Average  of 
these  soils. 


2.6045 


2.80a2 
3.2909 
3.3583 
3. 9084 


3.4241 
3.4420 
3.12'>1 
1.2656 


In  every  case,  benefit  followed  the  use  of  enough  of  either  car- 
bonate to  neutralize  the  soil  acidity.  A  higher  application  of  the 
calcium  carbonate  was  followed  by  crop  decrease  in  case  of  the 
sandy  loam ;  and  of  more  than  one-^third  excess  of  the  magnesium  car- 
bonate, by  like  result.  On  the  Cumberland  loam,  one-third  excess 
of  calcium  carbonate  gave  the  maximum  yield;  just  enough  of  the 
magnesium  carbonate  to  neutralize  the  soil,  gave  more  crop  than 
the  like  dressing  with  calcium  carbonate;  while  larger  additions  of 
the  magnesium  carbonate  were  followed  by  crop  decrease.  On  the 
Ghicamauga  silty  loam,  the  crops  increased  steadily  with  the  amounts 
of  calcium  carbonate  applied;  with  the  magnesium  carbonate  used 
sufficiently  to  neutralize  the  soil,  the  gain  was  much  greater  than 

»Tenn!'Agrl'.  Expt.  Stat.,  Bulletin  No.  107. 
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from  the  corresponding  amount  of  calcium  carbonate; 
but  dressings  of  magnesium  carbonate  in  excess  of  the 
acidity  figure  gave  lower  crops.  No  grave  crop  decrease  oc- 
curred, however,  except  with  the  highest  excess  of  magnesium  car- 
bonate application,  and  this  caused  great  crop  decrease  on  all  the 
soils. 

The  lime:  magnesia  ratio  of  the  soils  is  not  stated,  but  the  findings 
do  not  indicate  that  the  use  of  dolomitic  limestone  in  reasonable 
relation  to  the  soil  acidity  would  produce  any  but  beneficial  re- 
sults. 

Other  Experiments. 

D.  Mayer,^  of  the  Halle  Experiment  Station,  criticised  Loew's 
methods  of  experiment  on  the  ground  that  his  alkaline  dressings  were 
far  too  large  to  represent  the  amounts  used  in  farm  practice,  that 
too  much  importance  was  attached  to  relatively  slight  crop  differ- 
ences»,  and  that  the  methods  used  by  Loew  for  determining  active  lime 
and  magnesia  in  soils,  were  unsuited  for  the  purpose.    Mayer  made 
numerous  pot  experiments  with  various  soils,  crops,  and  alkaline 
dressings,  using  extraction  with  10  per  cent,  solution  of  ammonium 
chlorid  to  approximate  the  active  lime  and  magnesia  in  the  soils, 
and,  in  a  few  cases,  correlating  the  quantities  of  lime  or  equivalent 
material  to  the  acidity  found  by  a  modification  of  Tacke's  method. 
Mayer  found,  in  these  experiments,  no  support  for  Loew's  theory  as 
applied  to  soils.    Often,  magnesium  carbonate  (basic)  was  more 
eflfective  than  lime  on  a  soil  that  was  richer  in  magnesia  than  in 
lime.    He  found,  as  their  respective  solubilities  would  lead  us  to 
anticipate,  that  precipitated  chalk  is  more  active  than  pulverized 
marble,  and  precipitated  magnesium  carbonate  than  pulverized  mag- 
nesite,  and  that  the  natural  carbonates  were  less  active  also  than 
the  lime  and  magnesia  obtained  by  burning  them.   He  concludes  that, 
in  magnesian  limes,  both  the  lime  and  magnesia  are  to  be  counted 
as  efficient.    He  agrees  with  Loew  to  the  extent  of  concluding  that 
excessive  dressings  of  magnesia  tend  to  injure  plants,  but  that  some 
species  are  more  sensitive  than  others  to  such  excess.    Mayer  in- 
clined to  agree  with  Weibull,^  that  there  is  a  close  relationship  be- 
tween soil  reaction  and  the  ratio  of  total  humus  (loss  upon  burn- 
ing) to  assimilable  lime  (determined  by  Mayer's  method)  ;  and  that, 
when  the  assimilable  lime  is  less  than  1 :20  of  humus,  the  soil  is 
usually  sour;  and  that  soils  with  less  than  0.13  per  cent,  of  assimil- 
able lime  are  lime-hungry,  whether  sweet  or  sour;  while  with  0.25 

"Ldw   .Tahrb.  33  (19041  371-404;  39  (1910)  Erganzungsb.  3  ,  254-298  ;  40  (1911)  39-40. 

-Om.  Knlkbehofvet:  Akerjorden,  Nieddeelande  fran  Alnarps  Tvaboratorinm ,  11, 
1909. 
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per  cent,  they  are  suflaciently  supplied,  unless  the  humus  content  is 
unusually  high.  Of  seven  soils  tested,  but  without  adjustment  of  the 
lime  application  to  the  degree  of  soil  acidity,  only  one  showed  a  low 
assimilable  lime  percentage  with  a  considerable  degree  of  acidity, 
and  this  was  the  only  soil  the  liming  of  which  led  to  increased  crop 
growth  with  mustard,  buckwheat  and  red  clover;  but  with  oats  it 
gave  no  increase.  The  other  soils,  cropped  with  buckwheat  and 
oats',  gave  an  increase  from  liming.  This  investigator  does,  however, 
regard  the  correction  of  acidity  in  any  soil  as  helpful  to  the  fitness 
of  the  land  for  crop  growth  because  of  the  indirect  efforts  of  the 
liming.  Upon  this  point  we  may  digress  to  note  that  O.  Lemmer- 
mann,  O.  Foerster  and  A.  Einicke'  conducted  a  series  of  experi- 
ments though  several  years  with  ten  different  soils  with  different 
crops,  and  with  uniform  dressings  of  lime  in  the  form  of  calcium 
carbonate,  calcium  hydrate,  and  calcium  sulphate.  The  reaction  of 
the  soil  was  roughly  determined  as  to  kind  and  intensity ;  also  the  as- 
similable lime  and  magnesia  in  the  soils,  but  by  the  use  of  10  per 
cent,  of  hydrochloric  acid  boiling  for  three  hours,  which  they  regard 
as  a  better  method  than  Mayer's  ammonium  chlorid  method.  They 
conclude,  however,  from  the  plant  behavior  on  these  soils,  before 
and  after  liming,  that  the  determination  of  assimilable  lime  in  a 
soil  by  any  of  the  methods  now  known,  will  give  no  certain  basis 
of  judgment  as  to  its  lime  requirements,  but  that  the  determination 
of  the  acidity  is  more  important. 

E.  Ulbricht^  made  extensive  pot  experiments  with  various  limes, 
mixtures  of  lime  and  magnesia,  and  marls,  upon  yellow  lupines  and 
barley.  His  dressings  were  not  correlated  with  the  lime:  magnesia 
ratio,  nor  with  the  degree  of  acidity  of  the  soil,  a  light  sand,  well 
fertilized.  He  found  the  lupines  very  sensitive  to  over-applications 
of  lime,  and  judged  that  magnesia,  especially  when  it  formed  as 
much  as  40  per  cent,  of  the  mixture  with  lime,  caused  injury  for 
several  years  to  the  crops  of  lupines  and  barley."  The  effects  indi- 
cated are,  however,  not  large.  Magnesdum  carbonate  (magnesite) 
was  not  thus  injurious.  Ulbricht  refers  to  findings  by  E.  Wolff* 
that  caustic  magnesia  is  injurious,  and  of  A.  Atterberg,*  that  laTge 
magnesian  dressings  injured  oats  on  moorland,  but  that  the  effects 
were  corrected  by  sufficient  dressings  of  lime. 

P.  S.  Kossowich  and  L.  Althausen^  observed  that  lime,  used  be- 
yond neutralization  requirements  on  acid  podzol  (clay)  soils,  was  in- 
jurious to  red  clover  and  especially  to  mustard;  that,  in  general, 
lime,  precipitated  carbonate  of  lime,  marble,  dolomite,  magnesite 

^Ldw.  Jahrb.,  40  (1911)  2.55-32i~  "     ^  ~  '  ~ 

*Ldw.  V.  St.,  52  (1899)  383-430;  57  (1902)  103-166. 

"Die  naturgpsetzlichen  GrundlagendesAckerbaues,  2d  Ed.,  p  580 

*Svpnska  Moorkultur— Forenigenstidskrift,  1891,  121-122. 

"Ti  udui  Mendelyevsk  Syezda  Obsch.  i.  Prikl.  Khim . ,  1  (1908)  490 
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and  basic  magnesium  carbonate  acted,  as  sources  of  such  injury, 
in  the  same  direction,  but  in  different  degree.  Basic  magnesium 
carbonate  was  most  injurious-,  but  dolomite,  another,  less  soluble, 
magnesium-containing  carbonate,  least  injurious. 

C  Kanomata^  reports  that  on  soils  in  pots  overdressed  with  cal- 
cium carbonate,  the  crops  of  rice,  barley,  buckwheat,  mustard  and 
onion  were  all  depressed,  but  that  by  the  addition  of  enough  mag- 
nesium sulphate  to  bring  the  CaO :  MgO  ratio  to  1 :1,  the  injury  was 
converted  into  a  gain.  The  details  of  experiment  are  not  at  hand, 
so  that  it  is)  impossible  to  check  the  investigator's  conclusions  against 
his  data.  Nothing  is  said  of  the  soil  reaction  in  the  abstract  avail- 
able. "  ^'  "  ' 

RELATIONS  OF  LIME  AND  MAGNESIA  TO  SOIL  ORGANISMS. 
The  importance  of  the  activities  of  the  soil  organisms  to  plant 
arowth  has  been  discussed  in  earlier  chapters.  The  crop  yields 
produced  under  the  contrasted  treatments  discussed  in  the  earlier 
section  of  this  chapter,  are  the  net  results  of  the  operations  of  all 
the  factors  contributing  to  plant  growth.  It  is  worth  while  to 
consider  briefly  the  little  that  is  known  concerning  the  influence  of 
alkaline  magnesian  compounds,  as  compared  with  corresponding 
calcium  compounds,  upon  the  development  of  these  lower  organisms. 
The  effects  upon  disease-producing,  parasitic  organisms  will,  how- 
ever, be  omitted  from  this  brief  survey. 

In  general,  it  ia  known  that  the  moulds  thrive  best  in  acid  media; 
the  bacteria,  with  a  few  striking  exceptions,  in  alkaline  media;  and 
the  yeasts,  in  neutral  or  very  mildly  acid  media.  A  change  in  reac- 
tion must  affect  the  relative  number  and  vigor  of  action  of  the  en- 
tire soil  population.  Even  a  mild  alkalinity  discourages,  and  pres- 
ently kills  the  molds;  an  excessive  alkalinity  kills  both  bacteria  and 

protozoans.  ■  ' 

Concerning  the  effects  upon  specific  bacteria  or  upon  related 
groups  of  these  and  other  organisms,  nothing  will  here  be  presented. 
We  can  admit  only  brief  accounts  of  the  few  experiments  in  records 
available,  that  contrast  the  compounds  of  the  two  elements  now 
under  study,  and  these  will  be  grouped  according  to  their  effects— 
ammonification  and  nitrification. 

Ammonification.  ■  ' 

W.  P.  Kelley2  found,  in  a  given  soil,  that  while  4  to  6  per  cent, 
addition  of  calcium  carbonate  promoted  the  ammonification  of  dried 
blood.  8  to  12  per  cent,  slightly  increased  the  rate  of  change.  On 
the  other  hand,  the  rate  was  markedly  decreased  by  1  per  cent,  of 

~  ^BuU   Coll   Asr.,  Imper.  Univ.  Tokyo,  7  (1908)  599-607. 
^Univ.  Calif.  >ubl.  Agr.  Science,  1,  39-49.  . 
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magnesium  carbonate  (basic),  and  distinctly  so  by  as  small  an  ad- 
dition as  0.1  per  cent.  This  depressing  effect  was  not  overcome  by 
adding  calcium  carbonate  with  the  magnesium  carbonate. 

J.  Fittbogen/  studying  the  ammonification  of  turf,  and  giving  to 
the  maximum  ammonification  the  relative  value  of  100,  assigned  to 
calcium  carbonate  the  value  80.0;  calcium  oxid,  68.5;  magnesium 
oxid,  67.7 ;  calcium  sulphate,  59.3 ;  blank,  90.8.  That  is,  all  these  ad- 
ditions were  unfavorable  in  this  case. 

J.  G.  Lipman,-  found,in  the  case  of  Bacillus  sultilis,  a  strange  re- 
lationship. In  its  development,  there  was'  no  antagonism  between  cal- 
cium and  magnesium.  Any  combination  of  calcium  and  magnesium 
was  more  toxic  than  magnesium  chlorid  alone,  and  any  combination 
of  calcium  and  sodium,  more  so  than  sodium  chlorid  alone. 

'Nitrification. 

Since  Winogradsky  first  succeeded  in  his  attempts  to  isolate  the  ni- 
trifying ferments  by  using  a  magnesian  medium,  it  is  not  to  be  sup- 
posed that  this  element  is  essentially  injurious  to  these  organisms. 

Pichard/  in  the  course  of  numerous  experiments  on  the  conditions 
of  nitrification,  assigned  to  calcium  sulphate  the  relative  value  of  100  • 
to  calcium  carbonate,  13.32;  and  to  magnesium  carbonate,  12.52,  as 
promoters  of  nitrification.  Others  have  not  confirmed  this  high  rela- 
tive value  for  gypsum. 

For  example,  J.  W.  Peterson  and  P.  K.  Satt*  found  that,  of  the 
various  dressings  tested,  caustic  lime  practically  stopped  nitrification, 
calcium  carbonate  was  the  most  helpful,  magnesium  carbonate  very 
effective,  superphosphate  was  beneficial,  and  iron  hydrate  very  favor- 
able, but  that  calcium  sulphate  had  only  a  moderate  effect. 

Kelley,  in  the  experiments  just  mentioned,  found  a  like  unfavorable 
result  for  nitrification,  as  for  ammonification,  from  small  additions 
of  magnesium  carbonate.  Whereas,  Owen^  found  magnesium  car- 
bonate (basic)  more  favorable  to  nitrification  than  corresponding  ad- 
ditions of  either  calcium  or  potassium  carbonates. 

Fraps,«  found  additions  of  calcium  carbonate  increased  nitrifica- 
tion in  most  soils  tested ;  magnesium  carbonate,  in  less  degree. 

Makrinov,'  having  isolated  a  new  nitrous  organism,  found  magne- 
sium carbonate,  either  solid  or  in  solution,  favorable  to  its  develop- 
ment. 


^Ldw.  Jahrb.,  1874,  III,  109.  "  '  

=Bot.  Gazette,  49  (1910)  41^50. 
^^^^Comptes  rendus,  98,  1289;  114,  490;  Annales  agronomiqiies,  10,  302;  15,  505;  18, 

"Jour.  Dept.  Agr.  Victoria,  10  (1912),  393-400 
"Georgia  Agr.   Exp.   Statt.,   Bull.    No.  81. 
"Texas  Agr.  Expt.  Stat.,  Bull.  No.  106. 
'Russ.  .7.  f.  Expt.  Ldw.,  10  (1908)  427-428. 
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K  F  Kellermann  and  T.  E.  Eobinson^  fouud  that  a  dressing  of  mag- 
nesium carbonate  equivalent  to  0.25  per  cent,  of  the  weight  of  a  sandy 
soil  already  rich  in  magnesia  as  compared  with  lime,  stopped  nitri- 
flcatiou ;  while  an  addition  of  calcium  carbonate  up  to  2  per  cent,  of 
the  soil's  weight  increased  the  formation  of  nitrates.  The  authors 
suggest  that  the  Loew  theory  may  apply  to  bacteria,  as  well  as  to 
higher  plants. 

Fittbogen,  in  the  experiments  mentioned  in  discussing  ammoniflca- 
tion,  assigned  to  the  various  substances  added  to  the  peat  to  be  nitri- 
fied'the  values:  Calcium  carbonate,  T2.9;  calcium  oxid,  70.7;  mag- 
nesium oxid,  62.8 ;  calcium  sulphate,  45.1 ;  blank,  54.5.  That  is,  all  but 
the  gypsum  helped  nitrification. 

J.  W.  White,^  compared  the  nitrification  of  an  acid  soil  (Plat  32, 
General  Fertilizer  Experiments)  originally  containing  5  parts  per 
million  of  nitric  nitrogen,  as  affected  by  low  and  high  magnesian 
limes  and  limestones  (100  mesh)  respectively,  there  being  80  milli- 
grams of  nitrogen  (as  ammonium  sulphate)  added.  In  four  weeks, 
the  nitrate  nitrogen  and  acidity  found  in  the  several  soils  were :— 


Nitrates.  Parts 
per  million. 

Aeiait.v  (Equivalent 
to  CaCOs  per  acre.) 

20.76 
50.62 
37. 9S 
53.97 
44.77 

■ 

Lbs. 
8373 
881 
1627 
1332 
1796 

All  dressings  helped  nitrification,  but  the  magnesian  most. 

SUMMARY. 

The  net  results  of  these  somewhat  inconsistent  data  are  not  snich 
as  to  give  ground  for  rejecting  magnesian  lime  or  limestone,  and  re- 
placing it  by  a  higher  priced,  high-calcium  lime  or  limestone. 

Always,  when  an  agricultural  investigator  has  obtained  a  new  sug- 
gestion from  his  experiments,  it  is  needful  that  he  check  his;  findings 
by  reference,  wherever  possible,  to  long  time  experience  on  a  practical 
scale.  Crop  production  is  the  product  of  many  factors.  The  tempta- 
tion is  to  assume  that  we  have,  in  our  experimental  methods,  neutral- 
ized all  but  the  variable  especially  under  consideration.  But  such  per- 
fection in  method  has  probably  never  been  attained.  Just  as  the 
slightest  turn  of  the  kaleidoscope  throws  a  new  set  of  figures  before 
the  eye,  so  an  apparently  inconsiderable  difference  in  one  or  more 
factors,  may  distort  the  experimental  result. 

"Soienee    (N    Series)  32  (1910)  159-160. 
^Penn^    Agr    Exp.  Station,  Annual  Report,  1912-191.3,  in  press. 
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.    '  '   General  Farm  Experience. 

The  lime: magnesia  ratio  studies  whicli  have  occupied  our  attention 
in  this  chapter,  are  interesting  and,  in  some  respects,  valuable.  It 
is  only  by  such  experiments  that  we  can  attain  exact  knowledge. 
We  shall,  however,  be  obliged  to  await  a  fuller  knowledge  of  the  active 
factors,  better  control  over  these  factors,  and  more  consistent  results 
Jby  experiments  upon  soils,  before  we  can  accept  them  against  cen- 
turies of  experience  in  many  regions  and  many  lands. 

It  is  probable  that  this  experience  is  not  the  result  of  such  close 
comparison  as  will  afford  a  clear  idea  how  far,  on  the  average,  low- 
magnesiau  lime  exceeds  high-magnesian  lime,  if  at  all,  as  a  soil 
amendment;  but  it  should  enable  us  to  judge  whether,  on  the  whole, 
high-magnesian  lime  is  to  be  avoided  lest  crops  and  soils  be  injured, 
as  many  have  been  led  to  fear,  because  of  an  erroneous  conception  of 
Loew's  theory,  according  to  the  true  interpretation  of  which  lime 
should  be  used  to  balance  an  excess  of  magnesia;  and  magnesia,  an 
excess  of  lime. 

Consider  Pennsylvania  experience  first:  Chester  Valley  and  the 
fertile  lands  of  Lancaster  County  are  derived  chiefly  from  magnesian 
limestones.  They  have  been  limed  for  more  than  a  century  and,  for 
the  most  part,  with  high-magnesian  limes.  No  distinctive  .or  even 
slightly  injurious  result  is  generally  recognized  beyond  such  as  occurs 
also  from  the  injudicious  use  of  any  lime.  The  eastern  side  of  the 
Great  Valley,  is  of  similar  geological  origin.  Its  commercial  limes 
are  today  drawn  chiefly  from  low-magnesian  strata  there  found;  but 
the  farm-burned  lime  used  in  fertile  Cumberland  Valley  is  by  no 
means  exclusively  of  that  kind.  No  damage  is  there  reported  from 
the  magnesian  limes.  Centre  and  Blair  County  valleys  of  high  fer- 
tility are  floored  with  highly  magnesian  limestone,  used  for  agricul- 
tural lime.  No  single  instance  of  injury,  except  from  over-applica- 
tion, has  been  reported  to  the  writer.  Central  and  northern  Ohio 
limestones  are  highly  magnesian.  They  have  been  used  in  that  state 
and  in  Western  Pennsylvania  on  acid  soils  with  excellent  results. 

It  is  distinctly  not  said  that  injury  never  occurs  from  the  magne- 
sian quality  of  those  limes,  but  only  that  average  experience  is  a  safe 
guide  for  average  practice.  The  fact  that,  years  ago,  the  Agricultural 
Department  of  the  United  States^  found  that  one  New  Jersey  lime, 
that  was  highly  calcareous,  gave  good  results,  while  another  that  was 
highly  magnesian  gave  bad  results  on  the  same  land,  weighs  little 
against  the  general  experience  above  stated. 

Mayei-^  gives  the  following  sketch  of  European  practice:  "The  use 
of  dolomite  lime  is  by  no  means  recent.  The  well  known  natural  eco- 
nomist, H.  V.  Thllnen,  mentioned  experiments  with  magnesia  alba. 

^Report.  1876. 

'Ldw.  Jahrb.  33  (1904)  372. 
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Stoeckhardt,  in  his  "Field  Sermons,"  (Leipzig,  1856),  gave  favorable 
mention  to  dolomitic  lime,  and  said  that  lime  burned  from  Saxony 
dolomite  was  most  highly  regarded  there,  and  was  frequently  trans- 
ported to  great  distances  because  experience  had  shown  it  to  be  more 
prompt  and  durable  in  its  effects  than  lime  of  other  kinds.  In  his 
opinion,  its  much-talked-about  injurious  action  was  merely  nominal, 
because,  even  when  used  at  a  higher  rate  than  twenty-  hundred- 
weight per  acre,  no  disadvantage  could  be  observed,  but  the  dolomitic 
lime  actually  made  a  better  showing  than  pure  lime." 

Voelcker,  in  England,  and  Schloesing  and  Mlintz,  in  France,  have 
both  commented  upon  the  excellent  results  obtained  from  magnesian 
limes. 

Some  of  the  earlier  English  ideas  upon  the  subject  are  of  interest: 
Lloyd^  states  that  lime  is  the  only  material  of  value  in  burnt  lime 
and  applies  the  adjective  "bad"  to  a  lime  containing  60  per  cent,  of 
lime  and  30  per  cent,  of  magnesia.    Low-  says  of  the  magnesian 
limestone  of  England:    "If  applied,  after  being  calcined,  in  the 
same  quantity  as  other  lime,  it  produces  a  temporary  sterility,  burn- 
ing, as  it  were,  the  soil ;  hence,  it  is  termed  "hot  lime"  and  is  applied 
in^much  smaller  quantity  than  other  kinds  of  lime."    This  action 
he  attributes,  after  Sir  Humphrey  Davy,  to  the  longer  period  of 
causticity  commonly  supposed  to  occur  with  magnesia.    In  the  form 
of  carbonate,  he  says,  "magnesia  seems  to  exercise  a  highly  favorable 
action;  and  magnesian  limestone  may  perhaps;  be  regarded  as  the 
most  valuable  of  any,  since  a  smaller  quantity  of  it  suffices  for  the 
ends  proposed.    No  other  limestone  is  so  efficient  in  the  case  of 
peaty  soils,  and  it  is  probable  that  the  superiority  observed  in  the 
case' of  the  limestone  of  the  coal  formations'  over  that  of  the  pure 
chalk,  is  due  to  the  presence  of  this  earth." 

Ulbricht  also  regards  magnesian  lime  as  at  least  of  equal  value 
with  pure  lime,  and  regards  2,000  kilograms  to  the  hectare  (1,800 
pounds  an  acre)  as  a  suitable  dressing  for  the  light  lauds  of  Branden- 
burg. 

Oekonomierat  Zersch  recently  said,  "The  prejudice  frequently 
Phown  against  dolomitic  lime,  I  regard  as  groundless.  I  have  always 
gotten  better  results  from  it  than  from  pure  lime.  How  far  that 
may  be  due  to  its  magnesia  content,  I  cannot  determine." 

LIME  -MAGNESIA  VALUE 

On  the  basis  of  the  facts  set  forth  in  this  chapter,  the  writer 
has  judged  it  wise  to  advise  that,  until  clearly  ascertained  fads 
otherwise  indicate,  like  value  be  credited  to  magnesian  and  non- 

'Seience  of  Agriculture,  113 

^Practical  Agriculture,  4tn  Ed.,  1»4>J,  so. 
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magnesian  limestones  and  limes  in  proportion  to  the  sums  of  the 
corresponding  oxids  pre&'ent,  where  these  products  are  to  be  used 
for  neutralizing  acid  soils ;  and  that  whichever  is  the  cheaper  at  the 
point  of  purchase  should  be  chosen,  ha\dng  respect  only  to  the  lime-[- 
magnesia  (CaO  +  MgO)  percentages  of  the  products  compared. 
If,  as  there  is  little  reason  to  expect,  good  results  are  not  obtained 
by  the  use  of  magnesian  lime  in  moderate  quantity  on  soils*  whose 
condition  indicates  liming,  try,  the  next  time,  the  use  of  low-mag- 
nesian  lime. 

The  lime-magnesia  value  obtained  by  addmg  the  respective  per- 
centages of  lime  and  magnesia  in  a  lime  or  limestone,  really  repre- 
sents a  slight  handicap  upon  the  magnesia.  Theoretically,  40  pounds 
of  magnesia  can  ultimately  do  the  work  of  56  pounds  of  lime;  hence 
the  theoretical  lime-magnesia  value  would  be  the  sum  of  the  lime 
percentage  and  1.4  times'  the  magnesia  percentage.  The  handicap 
has  been  given  for  the  reason  that  the  magnesia  is,  in  some  ways,  less 
vigorous  in  action  than  the  lime. 
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CHAPTER  VIII.    PEACTICAL  CONCLUSIONS. 


As  has  been  said,  early  in  the  discussion  of  this  subject,  there 
are  many  gaps  in  our  knowledge  concerning  soil  acidity,  its  causes, 
condition,  effects  and  remedies'.  In  determining  a  course  in  practice, 
these  gaps  must  be  bridged  or  avoided.  Nevertheless,  the  knowledge 
thus  far  accumulated  upon  these  matters,  is  rich  in  suggestion. 
Time  and  limitation  of  space  confine  us  to  a  very  few  points  among 
the  many. 

The  tendency  to  acidity:  It  is  clear  that  in  soil-making  the  rocks 
lose  very  largely  of  their  basic  materials',  and  that  this  loss  continues 
from  the  soil.  Of  these  basic  substances,  lime  is  most  abundantly 
lost.  Easily  drained,  open  lands,  and  uplands  suffer  especially. 
Light  sandy  soils,  other  than  those  from  calcareous'  rocks,  such  as 
corals  and  limestones,  are  conspicuous  losers;  but  extreme  impov- 
erishment very  often  appears  in  valley  bottoms  derived  even  from 
limestone. 

The  final  outcome  of  this  withdrawal  of  alkaline  materials,  is 
an  acid  residue,  particularly  where  colloidal  minerals  and  organic 
residues  from  decay  accumulate. 

The  cause  of  acidity:  This  acid  condition  is  immediately  due  to 
a  great  variety  of  materials,  some  the  result  of  soil  weathering,  some 
of  crop  action,  in  slight  degree  of  the  early  products  of  plant  de- 
cay; often,  and  in  much  greater  degree,  of  the  later,  more  resistant 
residues  from  decay;  and  finally  to  various  additions,  fertilizers  or 
substances  added  for  other  purposfes. 

Temporary  Acidity:  When  the  acidity-producing  substances  are 
themselves  readily  decomposable  plant  materials,  their  early  desruc- 
tion  usually  follows,  and  their  alkaline  mineral  constituents  are 
released.    As  a  result,  their  acid  effect  is  only  temporary. 

Permanent  Acidity:  When,  however  the  cause  is  an  unsatisfied 
colloid,  mineral  or  organic,  a  material  but  slowly  decomposable  in 
the  soil,  the  acid  condition  is  permanent,  though  variable  in  degree, 
as  conditions  of  cropping,  cultivation,  etc.,  tend  to  increase  or  de- 
crease the  acidity.  The  evidence  is  clear  that  some  crops  increase 
the  degree  of  acidity  greatly  during  their  growth.  Thus,  the  net 
result  of  a  clover  crop  is  an  acid  condition  in  a  previously  neutral 
soil.  According  to  Veitch,  buckwheat  has  the  opposite  tendency. 
The  relative  tendencies  of  the  common  crops  in  this  respect  are  not, 
however,  very  fully  determined.  _ 
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Fallow  Lands:  Soil  cultivation  hastens  the  decay  of  organic 
materials.  When  these  are  the  cause  of  acidity,  the  tendency  of 
stirring  the  soil,  as  by  the  use  of  cultivated  fallow,  should  be  to 
reduce  acidity.  This  may  not  always  be  the  result,  even  where  the 
cause  is  that  mentioned.  Willi  the  nitrification  of  the  organic 
nitrogen,  very  considerable  aui- tmts  of  acid  are  formed,  whicli  may 
suffice  to  ofi'set  the  deytruction  of  acid-behaving  organic  matters. 
Where  the  source  of  acidity  is  iron-pyrites,  or  other  sulphid,  the 
increased  oxidation  converts  the  sulphids  to  sulphates,  and  higher 
acidity  follows. 

Commercial  Fertilisers:  The  often  mentioned,  acid-producing  ef- 
fect of  commercial  fertilizers  ia  usually  not  very  great.  The  nitrates 
tend  to  leave  alkaline  l  esidues.  The  acid  phosphates  take  very  little 
lime  to  make  them  neutral  or  alkaline.  Calcium  sulphate  is,  in  our 
silty  loam  soil,  of  but  slight  effect,  although  on  clay  loams  and  clays 
it  may  be  more  active.  The  potash  salts,  in  the  amounts  ordinarily 
applied,  are  not  of  large  influence  in  this  respect. 

Thomas  slag  is  mildly  alkaline  in  its  effect.  Ammonium  sulphate 
isi  the  most  conspicuous  producer  of  acidity.  Its  continuous  use  in- 
evitably tends  to  produce  pronounced  acidity  in  the  soil.  The 
reasons  for  this  are  not  fully  understood,  although  it  is  clear  that 
it  yields  usually  two  acids,  nitric  and  sulphuric,  but  no  base, 
when  it  is  nitrified.  It  has  therefore  been  suggested  that,  in  practice, 
it  should  always  be  applied  in  mixture  with  nitrate  of  soda^ -which 
has  an  alkaline  tendency. 

Irregularity  of  acidity:  The  acidity  of  a  soil,  especially  when 
due  to  organic  residues,  is  often  very  irregular  in  its  distribution. 
Hence  the  difficulty  in  getting  a  good  sample  for  determining  the 
degree  of  acidity.  There  is  little  horizontal  movement  of  acidity 
in  the  soil,  though,  in  some  cases,  apparently,  it  passes  downward 
with  the  drainage  and  upward  when  evaporation  is  extensive.  The 
surface  soil  is  usually,  but  not  always,  more  acid  than  the  sub-soil. 

Underground  lime  not  preventive:  It  is  sometimes  supposed  that 
soils  resting  upon  limestone,  or  upon  other  lime-rich  layers,  will  be 
kept  neutral  or  alkaline  by  the  capillary  rise  of  lime-rich  moisture 
from  these  underlying  beds.  Even  in  humid  regions,  lime  salts  some- 
times encrust  such  soils.  The  occurrence  of  such  encrustations  is 
rare.  The  sum  of  capillarity  and  diffusion  action  is,  in  general,  in- 
sufficient to  prevent  the  development  of  a  high  degree  of  acidity  even 
in  soils  underlain  by  calcareous  beds. 

These  facts  indicate  that,  while  the  farmer  may  be  able  to  slow 
up  the  acid  tendency  by  the  careful  preservation  and  use  of  manures 
and  composts,  and  by  u.siug  on  the  farm  instead  of  selling  those  partf^ 
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of  his  crops,  the  leaves  and  stalks,  that  are  richest  in  lime,  he  will 
not  thus  be  able  to  keep  a  merely  neutral  soil  from  finally  becoming- 
acid. 

Ewtent  of  acidity:  The  facts  now  at  hand,  and  daily  increasing 
in  volume,  show  that,  in  the  humid  regions,  acid  soils  are  widely 
distributed  on  many  soil  types  and  collectively  represent  a  large 
-fraction  of  our  cultivated  acreage.     :  :  •  :  ^  ; ;      -    ^  :  : 

Fortunately,  the  rate  of  change  from  an  alkaline  or  neutral  con- 
dition to  a  permanently  acid  state  is,  as  a  rule,  quite  slow ;  although 
temporary  acidity  of  degree  sutRcient  to  affect  the  land  for  some 
time,  may  result  from  bad  handling  of  green  manuring  crops,  or 
injudicious  additions  to  the  soil.  ;  •  ■  ■ 

Acidity  affects  soil  bacteria:  The  effect  of  acidity  upon  the  lower 
organisms  helpful  to  higher  plants  is,  as  to  the  bacteria  with  whose 
activities  we  are  best  acquainted,  to  diminish  their  vigor  and  largely, 
if  not  totally,  to  destroy  them.  -  ■.  ■: 

Plants  variously  sensitive  to  acidity:  Crop  plants  differ  greatly 
in  their  sensitiveness  to  soil  reaction.  Some  thrive  only  within  a 
narrow  range  of  alkalinity  or  acidity,  some  are  resistant  to  relatively 
high  acidity,  others  to  relatively  high  alkalinity.  Still  others  are 
but  slightly  sensitive  to  either  reaction.  All,  however,  are  unable  to 
survive  beyond  some  extreme  in  these  conditions.  Of  the  principal 
crops  of  the  northern  United  States,  practically  all  except  potatoes, 
do  best  in  a  neutral  or  mildly  alkaline  soil.  Especially  is  this  true 
of  the  more  favored  legumes,  clover  and  alfalfa.  It  is  doubtless 
true,  as  Coville^  has  pointed  out,  that  a  rotation  system  with  acid- 
resistant  market  crops  can  be  devised,  but  it  is  inconceivable  that 
such  system  can  be  adopted  with  financial  success  on  our  immense 
areas  of  acid  land,  for  the  simple  reason  that  these  rotations  fail 
to  provide  the  major  food  supplies  our  buying  public  demands. 

Clover  and  Alfalfa:  With  respect  to  the  limits  of  acidity  within 
which  clover  and  alfalfa  can  grow:— This  is  not  a  hard  and  fast 
limit.  Clover  plants  well  fed  and  surrounded  by  favorable  condi- 
tions except  as  to  acidity,  can  survive  and  can  maintain  considerable 
vigor  in  spoils  that  are  distinctly  acid.  With  like  degree  of  acidity, 
but  with  other  conditions  unfavorable,  the  crop  may  perish.  On 
Hagerstown  silty  loam  soil,  well  cultivated,  but  fertilized  in  a  variety 
of  ways,  the  common  red  clover  survives  up  to  an  acidity  that  would 
require  1,500  pounds  of  lime  to  an  acre — 7  inches  for  its  neutraliza- 
tion, and  fair  crops  are  obtained  on  lands  having  an  acidity  of  600 
to  900  pounds,  expressed  on  the  same  basis. 

The  limits  for  alfalfa  are  not  so  well  determined.    Apparently,  it 
is  more  sensitive  than  clover  to  the  acid  condition. 


^See  p.  129. 
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Detecting  acidity:  The  kinds  of  plants  occurring  on  a  soil  and 
the  manner  of  their  growth,  usually  give  the  first  evidence  of  this 
condition.  Clover  failure — which,  however,  is  sometimes  due  to 
other  causes  —  and  the  replacing  of  the  sweet  grasses  by  plantain, 
mosy  and  sorrel,  are  the  common  signs.  The  presence  of  sorrel  is 
proof  only  that  other,  more  sensitive  plants  find  the  soil  unfit.  Sor- 
rel, as  has  been  clearly  shown  by  White  at  the  Pennsylvania  Experi- 
ment Station,  can  stand  more  alkali  than  clover,  and,  likewise,  more 
acid. 

The  litmus  paper  test  is,  however,  a  simple  and  exact  test  which 
any  farmer  can  apply. 

Determining  the  degree  of  acidity:  There  is,  unfortunately,  no 
method  of  similar  simplicity  by  which  the  farmer  can  tell  hoio  much 
acid  his  soil  contains.  The  Veitch  method  appears,  on  the  whole, 
the  most  satisfactory  for  laboratory  use,  but  it  is  a  tedious  method. 
It  does,  however,  show  just  how  much  lime,  presented  in  the  most 
active  form,  a  soil  can  take  up  without  becoming  alkaline. 

Mearis  of  corercting  acidity:  Careful  cultivation  stimulates  soil 
fermentations.  These  will,  sooner  or  later,  destroy  temporary 
acidity.  Mild  acidity  of  a  more  permanent  character  may  be  over- 
come by  the  use  of  nitrate  of  soda  and  basic  slag,  both  of  which 
have  alkaline  residual  effects. 

Lime  the  chief  remedy:  Where,  however,  the  acidity  is  pro- 
nounced, these  materials  are  too  expensive  to  be  used  economically 
for  this  purpose.  Lime,  pulverized  limestone  and  leached  wood 
ashes,  marls,  and  oy&'ter  shells,  burned  or  raw  and  pulverized,  are 
the  only  materials  powerful  enough  and  cheap  enough  for  the  purpose. 

Liming  costly:  Even  though  lime  is  cheap  compared  with  other 
common  alkaline  substances,  the  amounts  required  for  the  complete 
neutralization  of  extensive  soil  areas  involve  such  large  outlays  for 
material,  freight  and  handling,  that  the  cost  of  amending  the  soil 
of  an  entire  farm  runs  up  to  a  very  considerable  percentage  of  its) 
first  cost.  Moreover,  as  the  soil  is  constantly  losing  lime  by  cropping 
and  drainage,  the  application  must,  sooner  or  later,  be  renewed.  It 
is  needful,  therefore,  to  look  upon  the  amendment  of  such  a  farm 
by  liming,  not  as  an  occasional  incident,  but  as  one  of  the  prime 
cost  factors  of  land  aifected  by  permanent  acidity.  This  means  that 
the  uyes  of  the  lime  must  be  clearly  understood,  that  it  be  purchased 
so  as  to  secure  it  in  its  most  eflflcient  form  at  the  least  cost,  and 
that  it  be  used  in  the  most  effective  manner. 

What  liming  does  not  do:  Liming  does  not  furnish  plant  food, 
or  take  the  place  of  drainage,  good  tillage,  good  seed,  good  manage- 
ment, or  good  salesmanship.  Its  calcium  is  rarely  needed  as  a 
source  of  plant  food;  the  same  is  true  of  its  magnesium.    It  carries 
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mere  traces  of  nitrogen  and  of  phosphoric  acid,  as  a  rule,  and  but 
little  potash.  Many  a  farmer  has  wastefully  limed  the  acid  soil  of 
a  run-down  farm  because  he  did  not  also  drain,  and  well  till  his 
soil,  sow^  good  seed,  and  feed  his  crop.  Liming  does  tend  to  increase 
the  activity  of  the  food  supplies  already  in  the  soil,  but  parts)  of 
these  resist  its  action,  and  it  does  not  supply  them  from  its  own 
material. 

Use  of  liming:  For  an  acid  soil,  the  chief  value  of  lime  is  its 
effect  of  neutralizing  the  acidity  and  thus  making  the  soil  a  fit 
home  for  the  desired  crop.  This  result  is  accomplished  in  part  by 
making  the  soil  a  favorable  place  for  the  development  and  action 
of  the  ammonifying  and  nitrifying  bacteria.  Where  humus  is  pres- 
ent in  moderate  quantity,  or  in  abundance,  liming  is  followed  by 
the  appearance  of  nitrogen-richness  in  the  crop. 

Does  liming  ever  do  liarm  f  It  certainly  does.  When  used  in 
needlessly  large  amounts,  it  hurts  the  pocket-book.  Used  out  of 
balance  with  other  things,  it  wasftes  humus  and  nitrogen,  and  is  in 
part  carried  away  by  the  drainage  w-ithout  having  done  any  service. 
Furthermore,  over-alkaline  soils  tend  to  cause  chlorosis  in  many 
plants. 

Lime  vs.  carlonate  of  lime:  It  has  been  urged  that  caustic  lime 
is  more  destructive  of  humus  than  the  carbonate,  and  that  the  latter 
should,  for  that  reason  be  preferred.  On  the  other  hand,  it  is  more 
concentrated  and,  in  many  localities,  cheaper  per  unit  of  agricultural 
value;  although,  everywhere,  it  is  lessi  convenient  and  pleasant  to 
prepare  and  handle  than  the  well  pulverized  carbonate.  Lime,  or- 
dinarily slaked,  requires  special  appliances  for  its  perfect  distribu- 
tion; the  carbonate  can  be  put  on  with  the  grain  drill. 

But  how  about  the  humus  and  nitrogen?  Are  they  not  wasted 
more  by  lime  than  by  carbonate?  '  .  ■ 

The  writer  once  believed  that  his  evidence  tended  to  make  "Yes" 
the  correct  answer  to  that  question.  More  perfect  experimental  data 
do  not  indicate  that  there  is  much  difference  in  this  respect  between 
the  two,  when  they  are  used  in  comparable  amounts  and  conditions. 

As  suggested  in  stating  the  tendency  of  lime  to  increase  soil 
fermentation,  both  lime  preparations  have  this  effect,  and  hence  both 
tend  to  reduce  the  humus  supply. 

For  this  reason,  the  farmer  who  limes  needs  to  keep  up  his  humus 
supply.  Few  farmers,  however,  get  much  benefit  from  very  old 
humus,  except  as  it  affects  the  physical  condition  of  the  soil.  This 
old  material  has  resisted  the  attack  of  countless  generations  of 
bacteria,  and  will  doubtless  yield  but  slowly  to  their  renewed  attacks. 
The  humus  that  counts  most  for  fertility  is  probably  that  which 
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the  farmer  got  his  crops  to  put  in  last  year  and,  maybe,  the  year 
before  that.  If  liming  gives  him  bigger  crops,  he  will  get  more 
humus  from  their  roots,  stubble  and  manurial  products. 

It  ought  to  be  added  that  crop  yields  from  the  carbonate  are 
sometimes  slightly  greater  than  when  caustic  lime  has  been  used. 
This  is  not  true  in  all  cases,  and  the  difference  is  rarely  very  great. 
It  is  impossible,  from  present  knowledge,  to  predict  which  amend- 
ment will  be  the  superior  in  this  respect  upon  a  given  soil.  Long 
and  careful  comparison  is  needed  to  make  clear  which  is  the  more 
advantageous. 

High-calcium  vs.  high-magnesian  lime:  There  have  been  two  ob- 
jections urged  against  the  magnesia  found  in  large  quantity  in  some 
limestones  and  limes,  and  in  small  quantity  in  all  others,  namely, 
that  it  does  no  good,  and  that  it  is  injurious.  The  first  objection  is  no 
longer  urged,  for,  in  a  general  way,  it  is  now  known  that  magnesria 
sets  up  in  the  soil  the  same  kinds  of  change  that  lime  causes.  The 
second  objection  has  been  discussed  at  length  in  the  body  of  this 
bulletin.  The  final  conclusion  is  that  such  injuries  are  rare  and 
that  we  have  no  suitable  way  of  telling  upon  what  soils  they  will 
appear.  Further,  that  LoeAv's  theory,  which  has  given  rise  to  much 
of  the  present  discussion,  relates  not  to  any  injury  specific  with 
magnesia,  but  to  injuries  resulting  from  the  lack  of  a  proper  halance 
between  the  available  lime  and  magnesia,  a  lack  of  balance  that  may 
be  due  to  an  excess  of  either  lime  or  magnesia.  There  seems),  there- 
fore, no  sound  reason  for  selecting  a  high-calcium  product  in  pre- 
ference to  a  high-magnesium  product,  when  the  latter  supplies  its 
agriculturally  valuable  material  at  the  less  cost. 

Lime  +  Magnesia  Value:  This  agriculturally  valuable  material, 
so  far  as  soil  neutralization  is  concerned,  is  confined  to  the  lime  and 
magnesia  in  the  oxid,  hydrate  or  carbonate  in  question.  The  arith- 
metical sum  of  these  two  quantities  has,  for  resons  earlier  stated, 
been  chosen  as  the  representative  of  the  neutralizing  value  of  the 
compound. 

Importance  of  Fineness:  The  compound,  lime  or  limestone,  must 
not  only  contain  lime  and  magnesia,  but  must  be  fine  enough  to  fit 
it  for  prompt  action  in  the  soil.  To  get  it  into  this  state,  the 
limestone  is  either  burned  or  slaked,  or  the  lime  is  ground,  or  ground 
and  slaked,  or  the  limestone  itself  is  ground.  The  lime  -|-  magnesia 
values  of  the  several  products  thus  obtained  have  been  presented  in 
tabular  form^  and  so  will  not  be  discussed.  The  prime  point  to  be 
emphasized  is  that  each  of  these  products  must  be  fine  to  be  im- 
mediately and  largely  efficient.  Underburned  lime  in  lumps  cannot 
be  slaked  and  is  useless  as  lime.    Lime  that  is  slaked  with  too 


^See  p.  35. 
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much  water,  so  as  to  become  pasty  and  afterward  lumpy  or  gravelly, 
has  had  much  of  its  value  destroyed,  because  it  is  not  practicable  to 
bring  these  lumps  and  gravelly  particles  into  useful  condition.  One 
of  the  serious  objections  to  the  ylaking  of  lime  in  small  heaps  in 
the  field  is,  that  so  much  of  it  is  made  lumpy  or  gravelly  by  drench- 
ing rains. 

Ground  limestone  or  marl  too  coarse  to  pass  a  60-mesh  sieve,  is 
j  of  too  little  efficiency,  so  far  as  present  investigations  go,  to  war- 
I  rant  its  purchase  for  immediate  effect;  and  we  have  no  knowledge 
i  that  it  will  become  largely  active  within  a  period  so  short  that  the 
I  interest  on  the  investment  will  not  equal  the  principal  invested. 
This  statement  assumes  that  the  price  charged  for  the  coarse  ma- 
terial is  about  on  a  par  with  that  demanded  for  fine  material.  Our 
I  experiments  show  40-00  mesh  limestone  to  be  about  three-fourths  as 
I  efficient,  the  first  year,  as  60-80  mesh  stone. 

Does  lime  move  in  the  soil?    Leaving  out  of  consideration,  the 
I  amounts  carried  as  acid  carbonate,  nitrate,  etc.,  into  the  drainage 
during  periods  of  heavy  rains,  lime  does  not  move  freely  in  the  soils 
(  of  humid  regions.    It  follows  that  lime  intended  for  neutralizing  the 
j  surface  soil,  should  not  be  plowed  under,  because  it  does  not  rise 
I  easily;  that  lime  intended  for  neutralizing  the  sub-soil  must  be 
I  placed  there  directly;  that  lime  intended  for  neutralizing  the  sur- 
face soil,  must  be  thoroughly  stirred  through  that  soil  by  mechanical 
means,  when  the  soil  is  dry  enough  to  work.    Heavy  liming,  followed 
5  by  stirring  the  soil  when  it  is  wet,  has  caused  serious  injury  from 
which  the  land  has  not  recovered  for  years. 

Top-dressing:  For  the  reasons  just  stated,  the  application  of  lime 
as  a  top-dressing  for  pasture  or  permanent  mowing  lands  is  rarely 
followed  by  economical  increase  of  the  pasturage,  or  of  the  hay  crop. 
The  lime  exposed  to  rain  as  it  lies  on  the  surface,  loses  its  fine 
physical  state,  and  is  probably  taken  but  slowly  into  the  body  of  the 
soil. 

Evenness  of  distrihution:    Another  point  of  practical  importance 
arising  from  the  slow  and  very  imperfect  horizontal  distribution  of 
lime  in  the  soil  after  its  application,  is  that  of  getting  it  evenly 
I  applied  upon  the  plowed  ground  before  it  is  harrowed  in.    The  fact 
j  that  the  acidity  itself  is  unevenly  or  spottily  distributed,  does  not 
i  diminish  the  importance  of  evenly  distributing  the  lime.    For  if  it 
I  is  not  so  spread,  its  efficiency  will  be  the  less,  or,  what  amounts  to 
the  same  thing,  the  amount  required  for  the  best  effect  will  be  in- 
creased.   In  view  of  this  need,  the  old  plan  of  distribution  by  shovell- 
ing from  the  loaded  wagon  is  highly  wasteful.    The  manure-spreader 
with  a  covering  of  straw  over  the  apron  is  better,  and  the  various 
cheap  lime-spreaders  are  giyjR.g  quite  good  results. 
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How  much  lime  should  he  applied?  This  must  be  determined 
chiefly  by  the  degree  of  acidity  of  the  soil,  on  the  one  hand,  and 
the  sensitiveness  of  the  crops  to  acidity  on  the  other.  Clover  on 
the  Pennsylvania  Hagerstown  silty  loam  acid  soil  gave  considerably 
higher  yields  with  an  addition  one-third  greater  than  was  required 
for  bringing  the  soil  to  a  neutral  state.  Much  smaller  dressings  will 
bring  a  crop  increase  that  may  be  as  economical  in  the  long  run, 
though  clover  is  the  one  crop  in  the  ordinary  rotation  that  is  itself 
largely  promotive  of  fertility,  and  therefore  the  crop  upon  which  it 
will  probably  pay  best  not  to  practice  the  most  extreme  economy. 
Much  larger  dressings  have  not  brought  corresponding  increases  of 
yield. 

The  old  rule  of  making  heavy  applications  at  intervals  of  sixteen 
to  twenty  years  does  not  commend  itself.  The  land  is  below  par 
in  condition  during  the  last  quarter  of  the  period,  if  not  longer. 
The  lime  is  present  in  needless,  and  therefore  wasteful  excess  in 
the  early  part  of  the  period — wasteful  because  of  lost  interest  on 
the  investment,  and  also  because  of  an  increased  loss  of  principal 
through  greater  loss  by  drainage,  and  possibly  by  decreasing  availa- 
bility due  to  combinations  which  the  lime  forms  in  the  soil.. 

The  rule  of  frequent  application  in  smaller  quantities  is  the  safer 
from  almost  every  point  of  view,  though  it  does  require  more  days 
of  disagreeable  labor. 

The  serious  experiences  of  those  who,  long  before  the  ideas  of  soil 
acidity  took  definite  form,  applied  to  light  sandy  soils,  more  than 
25  bushels  an  acre,  should  not  be  forgotten.  Western  Pennsylvania 
farmers  have  repeatedly  succeeded  in  getting  a  stand  of  clover  with 
dressings  of  only  400  pounds  on  loamy  soils,  which  supported  no 
clover  without  such  dressing. 

All  the  experiments  upon  this  subject  involved  a  thorough  mixing 
of  the  lime  with  the  acid  soil.  Unless  the  stirring  in  of  the  lime 
is  to  be  thorough,  cut  down  the  lime  dressing  below  the  requirement 
calculated  for  a  7-inch  surface  soil.  The  excess  in  the  surface  three- 
inches  may  do  some  good,  but  not  at  all  in  proportion  to  the  excess 
used  beyond  the  requirement  of  that  upper  soil  layer. 

The  discussion  of  these  small  dressings  must  not,  however,  blind 
us  to  the  fact  that  there  are  many  loams  and  clay  loams  whose  pres- 
ent lime  requirement  for  the  surface  soil  alone  is  4,000  to  8,000 
pounds  an  acre;  and  doubtless  there  are  clay  soils  that  require  even 
larger  amounts. 

The  cost  of  lime  in  some  sections  of  Pennsylvania  is  so  great  that, 
taken  with  the  high  degree  of  acidity  exhibited  by  many  of  the  soils, 
the  cost  of  complete  neutralization  of  these  areas  is  probably  pro- 
hibitive—20  to  25  per  cent,  of  the  land  value.    Under  such  condi- 
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tions  especially,  liming  is  to  be  undertaken  with  caution;  with  care 
to  avoid  freight  and  handling  costs  upon  worthless  ingredients,  and 
to  secure  the  highest  return  possible  from  every  pound  applied. 
The  trials  should  begin  with  small  applications  and  work  upward, 
rather  than  with  large  applications,  working  downward.  Each  soil 
and  each  set  of  conditions  of  growth,  doubtless  has  its  point  of  ap- 
plication bringing  the  largest  immediate  net  gain.  The  experiments 
at  the  Station  show  that  this  point  lies)  above  the  lowest  beneficial 
application;  but  the  experiments  upon  this  particular  soil  are  il- 
lustrative, rather  than  standardizing  for  other  lands  of  different  type 
and  richness  in  plant  food. 

The  saving  of  lime  Mils  alone  loould  doubtless  many  times  repay 
the  cost  of  a  scientific  study  of  the  lime  requirements  of  Pennsyl- 
vania acid  soils. 

When  should  lime  be  applied?  Clearly  not  when  much  of  it 
must  be  lost  by  destruction  of  its  fine  condition  before  it  can  be 
stirred  into  the  workably  dry  soil;  preferably,  some  time  before 
seeding  or  planting,  so  that,  if  caustic,  it  may  work  no  injury  to 
the  young  plants;  which  sometimes  occurs  when  seeding  follows 
liming  within  a  day  or  two.  Such  injury  is  not  reported  from  the 
use  of  the  carbonate,  but  this  compound  is  probably  somewhat  less 
active  than  quicklime  immediately  after  its  application,  and  requires 
a  little  time  for  this  reason. 

Excellent  results  are  reported  from  Fall  applications  to  plowed 
ground,  but,  in  such  case,  if  harrowing  does  not  follow  soon  after- 
ward, part  of  the  lime  will  cement  into  coarse  particles  that  will 
long  remain  inactive.  The  use  of  caustic  lime  in  considerable 
amounts  on  oats  fallow  is  sometimes  injurious  to  the  following 
vheat  crop.  An  earlier  application,  well  harrowed  in,  will  promote 
nitrification  and  other  desirable  changes;  though,  in  rainy  Augusts, 
this  may  mean  a  loss  of  the  nitrates  in  the  drainage. 

Judging  from  the  degree  of  acidity  thus  far  found  on  the  lands 
under  the  usual  four-course  rotation,  the  plow  land  is  more  acid 
after  the  plowing  under  of  the  sod  and  during  the  growth  of  the 
following  corn  crop,  than  at  any  other  time.  The  current  practice 
of  liming  after  sod  is  best  to  meet  this  condition.  It  has  not,  how- 
ever been  experimentally  proven  that  this  time  of  application 
brings  the  greatest  economic  return.  Where  potatoes  follow  sod, 
this  period  in  the  rotation  is  less  fit  for  liming,  because  potatoes 
grow  well  in  acid  soils,  if  not  too  acid,  and  are  less  open  to  attack 
by  the  scab  fungus  in  such  soils.  It  appears  hardly  necessary  in 
the  present  day  to  do  more  than  note  that  the  lime  does  not  produce 
scab,  that  some  alkaline  soils  are  scab-free,  and  that  the  potato  yields 
were  greatly  increased  by  the  liming  of  the  acid,  granitic,  sandy  soil 
of  Ehode  Island. 
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Where  a  heavy  green  manuring  crop  is  to  be  plowed  under  on  a 
soil  already  somewhat  acid,  plowing  with  a  narrow  furrow  turned 
to  an  angle  of  45°  and  subsequent  thorough  harrowing,  is  usually 
less  in  danger  of  causing  excessive  acidity,  injurious  to  succeeding 
crops,  than  plowing  with  a  broader  furrow  more  completely  turned. 
Where  danger  from  such  injury  is  feared,  a  light  dressing  of  lime 
on  the  crop  before  plowing  will,  though  it  has  its  diflflculties,  reduce 
the  danger. 

What  becomes  of  excess  lime  in  the  soil?  As  has  already  been 
remarked,  part  of  it  runs  away  in  the  drainage.  Study  of  the  limed 
lands  at  the  Pennsylvania  Experiment  Station  indicates  that  a  good 
deal  of  it  remains  in  the  soil  in  some  combination  other  than  car- 
bonate, whether  it  be  originally  applied  as  carbonate  or  not.  Ex- 
periments at  the  Tennessee  Station  indicate  that  the  non-carbonate 
excess  remains  as  silicates,  and  probably  in  part  as  humates;  also 
that  the  silicates  thus  formed,  hold  the  lime  they  have  assumed  in 
a  state  of  considerable  availability  to  the  plant. 
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Oyster-shells,  composition,   
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Re-carbonatation,  see  Lime,  air-slaking  of. 

Red-haw,  lime  relations  of   loo 

Red-top,    adaptation    to    acid    soil,    129 

River-water,  lime  and  magnesia  in   59 

Rhode  Island  experiment  station,  references, 

78, 3V, 98, 100,101, 10«,146,li3,156,16i, 1(3,180,181,183 
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Pansy,  lime  relations  of,   

Pastures,  effects  of  lime  oxid  vs.  carhou- 

ate  upon   170 

Peanuts,  effects  of  liming   182 

Pears,  chlorosis  of   46 

Peas,   effects  of  lime  oxid  vs.  carbonate 

upon   169 

Peat,  elementary  composition,    89 

Pennsylvania,   soils,   frequency  of  acidity 

in,    108 

experiment  station,   references,  18,26,31,33,34, 
47, 31,52,54, 56, 58, 69,80, 103, 10«, 110,111, 112, 113,116, 
117,118,119,121,123,124,126,131,134,143,146,153,155, 
161,171,176,193,203. 
Phosphate,  acid,  as  a  cause  of  acidity,  ..  95 
Phosphoric  acid,   low  availability  in  acid 

soils   125 

Physiological  acidity   95 

Pine,  Austrian  black,  ash  composition,   ..  99 

sea,   ash  composition   99 

lime  relations  of,    99 

short-leaved,  lime  relations  of   100 

Pineapple,  chlorosis   46 

Plant  ash,  effects  of  magnesian  lime  upon,  196 
life,  relations  of  lime  and  magnesia  to,  37 

nutrients,   antagonism  between   187 

Plants,    absorption    and    assimilation  of 

minerals   39 

calciphile  and  ealcifuge   98 

conditions  of  lime  and  magnesia  in,  . .  44 
disease  due  to  excess  of  calcium  car- 
bonate,   45 

essentiality  of  lime  to   38 

functions  of  lime  and  magnesia  in   44 

influence  of  lime  upon  form  of   44 

lime-loving,    45 

losses  of  mineral  matter  from   44 

mineral  matters  of,   37 

nitrogen-richness,  effects  of  liming  upon, 157, 182 

residues,  decay  in  soil   83 

sensitiveness  to  acidity  and  alkalinity,  97,209 

Polar  plant,  lime  relations  of,    100 

Poppy,  lime  relations  of   101 

Porto  Rico  experiment  station,  references, 

46,81,141,170,186 
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41 
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Rhubarb,  lime  relations  of. 

Rocks.  lime  and  magnesia  in  

magnesian,  infertile  soil  from  certain. 

Root  crops,  ash  composition  

tips,  effects  of  soil  reaction  upon  

tubercles,  effect  of  acidity  upon  

liming  upon  

Rose-mallow,  swamp,  lime  relations  of,  .. 
Rotations  of  crops  for  acid  soils  


101 
48 
190 
37 
97 
103 
181 
lOOi 
129,211 

Rothamsted  experiment  station,  references, 

65,70,118,122,179,192 

j  Rye,  adaptation  to  acid  soil   129 

I       effect  of  lime  oxid  vs.  carbonate  upon,  169 

I       lime  relations  of   1S2 

[       sensitiveness  to  acidity   97,98 

sickness,    4tj 


Potato  sickness  

Potatoes,  adaptation  to  acid  soil, 

food  requirements  

limiug  of,   

sweet,  adaptation  to  acid  soil, 

effects  of  liming  

Prairie  humus,   

Pumpkin,  lime  relations  of,   
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Quick-grass,  lime  relations  of, 
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Rag-weed,  lime  relations  of  

Raspberry,  adaptation  to  acid  soil, 
lime  relations  of,   
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129 
101 


8. 

St.  John's  wort,  lime  relations  of  

Sassafras,  lime  relations  of  

Sedges,  lime  relations  of  

Serpentine  rocks,  infertility  of  soils  from, 

Serradella,  effects  of  liming,   '. 

lime  relations  of,   

SUicates,    reactions   with   lime   and  mag- 
nesia,   

Slaked  lime,  see  Lime,  slaked. 

Sneeze-wort,  lime  relations  of,   . . . :  

Sodium  nitrate,  alkaline  tendency  of  

Soil,  absorption,   

Soil,  acidity,  ancient  tests  for  

causes  of,   

changes  after  crop  removal,   

comparative  newness  of  subject,  .. 

detection  of,   

determining  degree  of  

distribution  in  soil  and  subsoil,   

extent  of,   

irregularity  of  

means  of  correcting  

permanent  

relation  to  ammoniflcation  

bacterial  number  

nitrification,   

nitrogen-fixation,   

temporary  

tendency  to,  in  soils,   

colloids,  importance  of  

organisms,  effects  of  magnesia  upon,.. 

reaction,  effects  of  crops  on  

surface,  gain  from  subsoil  by  capillar- 
ity  

by  diffusion,   

of  lime  from  fertilizers,   

Soils,  classification  as  to  acidity,   

clay,  lime  and  magnesia  in  

condition  of  lime  in,   

magnesia  in  

distribution    of    lime    and  magnesia, 

coarse  and  fine  

soil  and  subsoil  particles  

lime  losses  by  cropping,   

by  leaching,   

quantities   of    lime    and    magnesia  in 

average  U.  S.,   

in  average  Penn.sy!vauia,   

lime  magnesia  ratio  in,   

lime  requirements  of,   ,  

mode  of  formation  
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sampling  for  acidity  determiuation,   ..  107 

sandy,  lime  and  magnesia  in,    52 

Sorghum,  effects  of  lime  upon,    182 

Sorrel,  beliavior  toward  acids  and  algalies,  101 

with  excess  of  lime   ITT 

leaves  soil  alkaline,    109 

lime  relations  of,    99,101 

Soy-bean,  adaptation  to  acid  soil   129 

effects  of  lime  upon,    182 

Sphagnum  peat,  cause  of  acidity   93 

Spinach,  lime  relations  of   101 

Squash,  lime  relations  of   101 

Straw,  lodging,  effects  of  lime  upon   45 

Strawberry,  adaptation  to  acid  soil,    129 

Stream  mold   87 

slime,   

Suchting,  H,,  method  for  determining  de- 
gree of  acidity   105 

Sugar-beats,  food  requirement   43 

Sugar-cane,   effects  of  lime  oxid  vs.  car- 
bonate upon,    170 

Sulphate  of  ammonia,  see  Ammonium  sul- 
phate. 

Sulphur,  fungicide,  as  a  cause  of  acidity,  9<) 

Sunflower,  lime  relations  of   lOO 

Swedes,  food  requirements  of,    43 

Sweet  potatoes,  see  Patatoes,  sweet. 
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Tacke,  B.,  method  for  determining  degree 

of  acidity,    1041 

Talcose  rocks,  infertile  soils  from,    190  j 

Tennessee  experiment  station,  references,  I 

18,60,132,154,158,198 

Tests  for  soil  acidity,  ammonia  water,  ...  SO  | 

iodid  of  starch,    80  I 

litmus  paper   78  I 

cane-sugar   solution,    81 

Texas  experiment  station,  references,    138,202 

Titanic  acid,  reaction  with  lime  and  mag- 
nesia In  soil   133 

Tobacco,  food  requirements  of   45 

Tomatoes,  lime  relations  of   179 

Trees,  height,  effect  of  lime  upon   45 

Truog,  B.,  method  for  determining  degree 

of  acidity   106 

Tulip  tree,  lime  relations  of,    100 

Turnip,  adaptation  to  acid  soil   129 
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Ulmin,   

U.  S.  Bureau  of  Chemistry,  references, 

91,96,103,104,105,111,115,121,122,127,128,135,177, 

178. 

Plant  Industry,  references, 97, 12«,1S2, 187, 190, 192 
Soils,   16,50,53,67,91 


Vegetation,  relation  to  soil  reaction,    9S 

Veitch,  F.  P.,  method  for  determining  de- 
gree of  acidity   105 

Velvet  bean,  effects  of  liming  upon   182 

Verbena,  blue-spiked,  lime  relations  of,  ..  100 

Vermont  experiment  station,  reference,   ..  106 

Vetch,   chlorosis  of,    47 

effects  of  liming   181 

lime  relations  of   182 

Vetch,  hairy,  adaptation  to  acid  soil,    129 

hedge,  lime  relations  of   99 

Violet,  bird's-foot,  lime  relations  of   100 
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Walnut,  lime  relations  of,    100 

Waste  lime  products   36 

Wheat,  effects  of  lime  oxid  vs.  carbonate, 

162,166,168 

food  requirements  of,    42 

relations  to  lime,    182 

sensitiveness  to  acidit.v   &7 

soil  acidity  after,    110 

tissues,  lime  and  magnesia  in  different,  38 

Wintergreen,  lime  relations  rf   99 

Wisconsin  experiment  station,  references, 

106,125  J41 

Woburn  experiment  station,  references,  120,121,174 
Wood,  elementary  composition   89 
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Zeolltic  theory  of  absorption,    73 

Zinnia,  lime  relations  of,    101 

Zymases,  in  soil,    85 


